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Introducing 


Integrated High-Tei 
for Education . . . R< 


Hardware. Teaching software programs. Compre- 
hensive instruction manual. The RHINOVApple 
integrated systems include everything needed to 
start your robotics program. A full line of peripherals 
is available to customize experimentation in com- 
puter controlled manipulation strategies. 

The RHINO" is built with the same operating 
technology as large industrial robots. All parts of the 
rigid %" aluminum arm construction are visible. 
Specifications: optical encoders on each axis 
• 6 powerful DC Servo Gear Motors • 22.5" maxi- 
mum reach • 32" height • 14" width • 5 lb. lifting 
capacity • digital design with onboard microproces- 
sor • built-in self-test program. 


RHINO®/APPLE SYSTEM I 

$ 4995 °° 

• RHINO® XR-1 (Standard Hand, Standard Power 
Supply) 

• Apple II +, 48K 

• Apple Disk II w/lnterface 

• CCS 771 OA RS-232C Interface 

• RHINOVApple Interface Cable 

• Apple Monitor III - Green 12" 

• RHINOVApple software package #1 (RASP 1) 

• RHINO*XR-1 “Introduction to Robotics” 

250 page manual 

• Tool Kit for robotic arm 

• Instruction for RHINOVApple hook-up 


• Apple DOS 3.3 Software System w/manual 

• Apple system manuals with software instruction 
manual 

Accessories Available 

Deluxe Hand • Heavy Duty Power Supply • Linear 
Slide Base • Rotary Carousel • Chain Belt Con- 
veyor • Vacuum Finger • Magnetic Finger • Moto 
Dremel Tool Hand • Triple Finger Attachment 

Basic RHINO" XR-1 Robotic System $2400 

Includes: 32" high robotic arm • Power Pak *Con- 
trollerCard • Cables • Instruction Manual • Tool Kit 

• Compatible w/any computer that has RS-232C 
Interface. 

Systems shipped F.O.B. Champaign, IL. Price & 
specifications may be altered without notice. 

For information on RHINOVAPPLE DELUXE 
SYSTEM II and RHINOVAPPLE PREMIER 
SYSTEM III, contact: 


RHINO 

ROBOTS 


Rhino Robots. Inc. 

2505 S. Neil St., Champaign, IL 61820 

21 7/352-8485 TWX 9 1 0 245-0 1 5 1 
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ON A SILVER PLATTER 


technology is reaching out 
for new bases of growth — and 
it’s taking hold in Amherst. 

If your firm is engaged in 
robotics or machine tool and 
equipment manufacturing, 
Amherst is all yours. 


AMHERST: THE PEOPLE 


A solid base of technically- 
trained talent, schooled and 
skilled in electrical, mechanical 
and industrial engineering — 
the disciplines your industry 
demands with the productivity 
it deserves. 


AMHERST: THE LOCATION 


Within 500 miles of 60 
percent of all North American 
manufacturing activity. 

Within 20 miles of some of the 
cheapest and most readily 
available hydro power in the 
country. Within a mile of 
one of America’s foremost 
educationat/research 
institutions. 


IF YOU 

KNCW THAT 
ROBOTICS 
IS NOT A NEW 
VIDEOGAME, 
YOUR 
GOMIANY 
GOULD BE 
THEONE. 


AMHERST: THE OPPORTUNITY 


Qualified people. Strategic 
locale. Business know-how. 

It’s all here for the right 
company — on a silver platter. 
Opportunity awaits you 
in Amherst. 

FOR MORE INFORMATION, 
call or write JAMES ). ALLEN, 
Executive Director, Amherst 
Industrial Development Agency, 
5678 Main Street, 

Amherst, New York 14221. 
(716)634-8575. 

Better yet, plan to visit us. 

We 'll have your engraved 
silver platter waiting for you 
when you arrive! 




And within minutes of all 
Western New York air, rail and 
superhighway access. 

AMHERST: THE EXPERTISE 


A team of experienced 
individuals, eager to cut 
through red tape to secure 
the package of tax incentives 
and financing vehicles 
required to get your company 
off the ground — quickly. 



CIRCLE 3 




Industrial robots depend upon Moog 
servovalves for control of 
position, velocity, acceleration and deceleration 

The robot population is growing exponentially as man- 
ufacturers seek higher productivity and lower operating 
costs. 

A high percentage of the industrial robot population will 
be controlled by Moog Servovalves. These valves 
provide precise control of the many functions on today’s 
robots, which are performing a wide range of tasks, 
including materials handling, all types of welding, 
painting, and intricate assembly operations. Moog 
provides a full range of servovalve sizes to fit the needs 
of the complete spectrum of robots. These valves are 
available with intrinsically safe coils for painting robots 
and others designed for hazardous environments. 

To assure robot users of production continuity, we have 


fully equipped and expertly staffed servovalve service 
and repair departments in East Aurora, NY; Monterey 
Park, CA; England, France, West Germany, Sweden, 
Italy, Japan, Australia and Brazil. 

For more information on Moog Servovalves, our “fast 
turnaround” repair service, or factory-rebuilt “reman- 
ufactured” valves, write to Moog Inc. Industrial Division, 
East Aurora, NY 1 4052. Or telephone us at 71 6/652-2000. 



INDUSTRIAL DIVISION 
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Calendar 


APRIL 

April 13-21, 1983. 13th Interna- 
tional Symposium on Industrial 
Robots/Robots 7. McCormick Place 
and Conrad Hilton Hotel, Chicago, Il- 
linois. Contact: Public Relations 
Department, SME, One SME Drive, 
PO Box 930, Dearborn, Michigan 
48128. Phone: (313) 271-1500. 

The theme of Robots 7 is "Robotics: 
The Emerging Challenge." This 
technical program is composed of 18 
conference sessions, three basic ses- 
sions, and four special forums. Topics 
include robot design, materials han- 
dling, design and construction of 
mobile robot systems, robot safety, vi- 
sion research, and aerospace applica- 
tions. The 1983 Joseph R Engleberger 
Awards will be presented during the 
conference. Robots 7 is sponsored by 
Robots International of the Society of 
Manufacturing Engineers and the 
Robot Institute of America. 


MAY 

May 2-5, 1983. Test & Measure- 
ment World Expo. San Jose Conven- 
tion Center, San Jose, California. Con- 
tact: Meg Bowen, Test & Measure- 
ment World Expo, 215 Brighton 
Avenue, Boston, Massachusetts 
02134. Phone: (617) 254-1445. 

This specialized conference and ex- 
hibition will cover the entire range of 
test, measurement, and inspection 
technology for the electronics in- 
dustry. The 10 major programs are: 
Failure Analysis, EMI/ RFI Evalua- 
tion, Optical Inspection, Test Soft- 
ware, Subassembly/System ATE, 
Component Test, VLSI Test, Micro- 
electronics Measurement, Test In- 
struments, and Communications/ 
Microwave Test. 

May 2-5, 1983. International Tool 
& Manufacturing Engineering 
Conference and Exposition. Cobo 
Hall, Detroit, Michigan. Contact: 
Public Relations Department, SME, 
One SME Drive, PO Box 930, Dear- 
born, MI 48128. Phone: (313) 
271-0777. 

The theme of this four day conven- 
tion is "Meeting New Challenges 


through Innovative Technologies." 
The exposition will feature demon- 
strations of new-generation machine 
tools, computer-controlled manufac- 
turing systems, and a wide array of 
metalworking equipment and engi- 
neering services. Over 450 exhibitors 
are expected to display more than 
1,000 different items. 


May 9-12, 1983. Sixth Princeton 
Conference on Space Manufactur- 
ing. Princeton University, Princeton, 
New Jersey. Contact: The Space 
Studies Institute, Box 82, Princeton, 
New Jersey 08540. 

Sponsored by the Princeton Univer- 
sity Conference and the Space Studies 
Continued on page 22 



Command 

Performance 


X-axis transporter N 
for horizontal motion 


V-axis transporter 
fnr vertical motion V 


Low-cost, high reliability perfor- 
mance is at your command with our 
easily programmed non-servo B A S-E R w ^ 
Robot Systems. Grippers, transporters 
and rotators . . . off-the-shelf products . . . 
combine to provide simple, low-cost, accurate 
robotic service around-the-clock. Your ticket 
to a repeat performance which often pays for 
itself in a few weeks. MPMRF n 1 

A prOdUCt Ot U.b.A. ROBOT INSTITUTE OF AMfcHICA 

(HU) 


Z-axis transporter 
for lateral motion 


B • A • S • E< R) Robotics 
LO-PROfileW Actuators 


Rotators provide i 
wrist motion in 
roll, pitch and yaw 


CORPORATION 


PO BOX 1756 ♦ 3695 EAST INDUSTRIAL DRIVE 
FLAGSTAFF. ARIZONA 86002 1 756 • (603)526 1130 
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About The Cover Cover artist Robert Tinney has taken the theme of Heathkit’s new Hero-1 robot and applied it to a fanci- 
ful, real-world situation of the next few years. While his master’s dog looks on, our hero is seen accomplishing a domestic 
task. Never mind that his sensors are not yet developed enough to see the slippers it holds. We’ll allow artistic license to 
take liberties with the real lifting and grasping capabilities of the machine. Robert’s dramatic point is made— Hero marks 
one milestone in the development of widely used robotic systems. 
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inTRODUCinG cne uiorid’s first, 
affordable eeacninq robot... 


niBroi^ ji the 
most sophisticated 
microprocessor- 

controlled device 

since the fVM 

microcomputer. IS™ 

HER0 1 is a completely 
self-contained, electro- 
mechanical robot capa- j| 
ble of interacting with 
its environment. Con- 
trolled by an on-board, 
programmable com- 
puter, it has electronic 
sensors to detect light, sound, mo- 
tion and obstruction in its path. 

Capable of seven axes of mo- 


tion, the robot can be programmed 
to pick up small objects with its arm. 
It will also speak in complete sen- 
tences, using its voice synthesizer. 

Remarkable though the robot is, 
its companion Robo- 
I tics Education Course 
VHnii 'iiS is an even more signifi- 
cant "first.” It provides 
a thorough under- 
standing of robottech- 
nologies, including 
robotics programming. 
Course features self-test 
unit reviews, experi- 
■i ments and final exam. 

Designed to be used with 
HER0 1, this 1200 page course is the 
most complete introduction to 
robotics available today. 


HER0 1 is a computer on wheels. 

HER0 1 uses a 6808 microprocessor 
that controls 13 functions and sense 
boards. Its on-board processor 
can take it through complex ma- 
neuvers. The programming proc- 
ess is straightforward with provision 
for step-by-step debugging, en- 
hancement and other corrections. 

HER0 1 senses include: sound de- 
tection (frequency range 200- 
5000 Hz); light detection; ultrasonic 
ranging; ultrasonic motion detec- 
tion; speech synthesis; and real 
time, four year calendar clock. 

A completely mobile platform 
robot, HERO Ts motion abilities per- 
mit head rotation and arm rotation 
of 350,° shoulder rotation of 150,° 
arm extension of 5 inches, wrist 
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pivot of 180° and wrist rotation of 
350.° Gripper will open to a max- 
imum of 3'/2 inches and rotate 90° 
at extreme extension. Payload ca- 
pacity of arm is 8 oz. at maximum 
extension and 16 oz. at normal. 

The remarkable HER0 1 robot is in 
production now, ready for you. Buy 
assembled or build it from a kit. Kit 
price is $1500 and the assembled 
robot is $2500, FOB Benton Harbor, 
or through your nearest Heathkit 
Electronic Center. 

For full information on HERO 1 
call 800-253-0570 toll-free. (In 
Alaska, Hawaii and Michigan, call 
616-982-3411.) We’ll give you the 
address of the nearest Heathkit 
Electronic Center and send you a 
booklet that gives details about 
the robot, the content of this 
course, and other information. 


HeathkitB 


Heathkit/Zenith 


Educational Systems 




Superior motion control, 
step by stop. 




MODULYNX® Motion Controls 
SLO-SYN® Stepping Motors 


Improving system 
performance with- 
out the headaches. 

This is Ed, faced 
with some very tough 
motion control prob- 
lems. A real stickler for 
details, he’s exhausted 
from wrestling with iner- 
tia, torque and power 
requirements. But not 
for long. Ed’s about to 
find that the best, most 
cost-effective way to 
match an entire motion 
control system is also 
the easiest. 


Hello, CAMAS? Com- 
puter Aided Motion 
Analysis System. 

Ed defines his 
problem to a Superior 
Electric motion control 
specialist who feeds the 
information into CAMAS. 
Only Superior Electric 
has CAMAS. CAMAS 
automatically analyzes 
and computes inertia 
and torque require- 


ments. Gives motion 
and speed parameters. 

CAMAS also 
selects the SLO-SYN® 
Step Motors and Con- 
trols best suited for his 
task. And it even 
suggests the kinds of 
mechanical devices 
needed to accom- 
plish the task 
— from simple 
gears and lead- 
screws to sprockets, 
chains or combina- 
tions. 

In minutes, 

CAMAS provides a 
printout of all the 
variables and solutions 
Ed would have spent 
weeks on. 


Plug in MODULYNX® 
Motion Control 
and go. 

Ed wants to control 
his steppers from a 
desktop computer. But 
he’s thinking ahead to 
the day he may want to 
utilize the company’s 
larger CPU. With 
MODULYNX Motion 
Control’s flexibility, Ed’s 
covered all the way. New 
MODULYNX Motion 
Controls can easily inter- 
face through RS232C, 
IEEE488 or STANDARD 
BUS, 8-bit parallel 
ASCII, simple switches 
and TTL levels. 


MODULYNX Mo- 
tion Control is a series of 
individual plug-in circuit 
cards, each containing 
one step motor control 
function. Ed selects the 
exact cards he needs 
and plugs them in. He 
doesn’t pay for more 
control than necessary. 


MODULYNX 
Motion Control 
enhances 
performance. 

With MOD- 
ULYNX Motion 
Control, Ed can 
choose options for even 
greater control and 
accuracy. He can select: 

1 . indexers with 
acceleration control, 
mid-range stabilization, 
resonance control or 
backlash compensation. 

2. microprocessor- 
based pulse placement 
optimization for 
matching the load 

to a motor. 

3. microstepping to 
achieve finer resolution 
and smoother resonant- 
free operation. 

He can also select 
optional feedback 
capability for positional 
verification. 


You can’t build or 
buy a better control 
system. 

Take a lesson from 
Ed. If you’ve got a tough 
motion control problem, 
single or multiple axis, 
call Superior Electric. 
We can provide the 

superior solu- 
tion. For com- 
plete technical 
information 
and the name 
of the Superior 
Electric spe- 
cialist in your 
area, write 
us today. Or 
just call (203) 
582-9561. 


The Superior Electric Company 
383 Middle St. 

Bristol, CT 06010 
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Editorial 


“Ein Heldenleben” 

(Or, A Hero’s Life, 

With Apologies to R. Strauss) 


BY CARL HELMERS 



his month's editorial is a photographic review and com- 
mentary on a new and exciting product, the Heathkit 
. model ET-18 Hero-I robot. This product marks the start 
of a field that will attract numerous new entries in the 
coming years. With the beginnings of personal robotics in the form 
of autonomous and semi-autonomous mobile, real-time computer 
systems, Hero I marks a turning point comparable to the introduc- 
tion of personal computers in kit form in 1975. 

Hero is a complex machine which will provide endless hours of 
experimental inspiration. We had the good fortune to spend about a 
week with an assembled Hero-I last December, following the 
machine's press conference introduction. We start our inspection 
with a view of Hero in full dress, the only formal photo in the 
group. Following the photographs, we'll continue with general 
commentary on the meaning of a hero's life in today's Robotics 
Age. 


Photo 1. This is a 
finished Hero-I with 
(his?) clothes on. 
Heathkit's Hero-I 
robot is one of the first 
"real" personal robo- 
tics products. The end 
result is the mechan- 
ism which you see 
here— a mobile, self- 
powered, autono- 
mous platform with 
an arm, limited sen- 
sor capability, and 
limited computation- 
al abilities. It inten- 
tionally exhibits some 
of the psychological 
implications of having 
a pet around the 
house, hence the per- 
sonal robotics point of 
view for what would 
otherwise be an engi- 
neering training tool. 
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Photo 2. A general view of a naked Hero. After taking off 
the cosmetic plastic shell, the chassis and arm of the 
Hero I look like this. Refer back to this photo as we ex- 
amine some detailed parts of the design. 

Central to the torso of Hero-I is a roughly cubical metal 
box. Three sides are rigidly fixed in place when assem- 
bled; the fourth side is a hinged door allowing access to 
the interior of the box. The two rear wheels are mounted 
under this central column, with three of the four gel cells 
mounted between them. The drive wheel is mounted at 
the front. 

Photo 3. Zooming in on the right side panel of the Hero-I, 
we see a detail of its mechanical assembly of electronic 
boards. The I/O board is clearly visible in this picture. 
Boards are generally mounted via plastic spacers on the 
exterior surfaces of the box for accessibility. Multiple pin 
plugs pass through the metal sides of the box to the in- 
terior for connection to the wiring harnesses. 

The wiring harness "nervous system" of Hero is con- 
tained in the central box. Connectors on the wiring 
harnesses attach to the inner side of the pin plugs as well 
as to connectors on the externally mounted boards which 
are accessible through holes. The central processor board 
is mounted on the interior surface of the right side panel. 
It is connected to the same pins as the I/O board. As a 
result of the central boxlike mechanical structure, there 
is a large amount of room internal to the column poten- 
tially available for permanent augmentations of the 
robot's electronic control system. 

Photo 4: Turning our attention to the top of the naked tur- 
ret head, we see a number of mechanisms and electronic 
features. The entire head assembly is built on a metal 
plate which rotates through an arc of nearly a full circle 
relative to the base. On the turret, we find mounted one 
battery, a keyboard and display, the experimental inter- 
facing board, the manipulator arm, and all of Hero's sen- 
sors. We suspect that one of the key functions of the bat- 
tery on the turret is to help balance the torques imposed 
upon the head bearing by the outboard weight of the 
manipulator arm. 

At the front of the head (bottom of this photograph), we 
see a rectangular solid made of plastic foam with two cir- 
cular cutouts. The cutouts are at the end of collimation 
tubes for the sonar ranging device— one tube is the 
transmitter, and one tube is the receiver. The foam 
reduces unwanted direct coupling between the transmit- 
ter and receiver. 

Continuing in a counterclockwise fashion around the 
turret, we see the speaker used as output for Hero's 
SC-02 Votrax chip voice. At the rear of the speaker is the 
experimental interfacing board (see photo 5). The 


manipulator arm is to the rear of the turret, at the upper 
edge of this photo. 

Not shown in this photo are three sensors which are 
mounted under the experimental interface board at the 
right edge of the turret: an ultrasonic motion detector, a 
light level sensor, and a dynamic microphone used for 
obtaining sound inputs. 
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A WIDE VARIETY OF 
S-100 APPLICATIONS! 


PROM PROGRAMMING 


’CP/m Trademark Digital Research. Inc. 
’’VOTRAX Trademark 
Federal Screw Works. Inc. 
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Ackerman Digital Systems, Inc. 


Prombloster: 


Synthetolker: 

tm 


Kluge Card: 


Programs 19 different devices, 2708's thru 25128's! No odditionol 
hardware module required! Software runs under CP/m*. Sirs on the S-100 
bus os on I/O device! Price: $349.95 A & T 

Uses the VOTPAX SC-01**, has 8-bit DAC, two I/O ports, and on-board 
audio amplifier! Phraser m software runs under CP/m, has dictionary and 
many features. Price: $310.00 A & T, Software, $49.95 

Prototyping cord comes with S-100 interface logic built-in. Hos four power 
supplies, bi-directional data and address bus buffers, and much more! 
Price: $39.95 Dare Cord 


Memorizer: 

tm 


128K static Ram/512K Rom! Featuring two independent banks of eight 
sires, (28 pin sockets), the ADS AAernorizei; m allows you to mix Ram with 
Rom, or dedicate to either! Independent wait states (0-5) per bank 
supports fast Roms with slow Eproms! Allows system to run at max speed. 
Supports any 1 K x 8 to 32K x 8 part, Ram or Rom, (single supply part), ! 

You need to know about us! 

As the saying goes, we hove solutions looking for a problem, well-engineered solutions. 

Call or write us today for a complete catalog. 

★ COMING SOON ★ 

Ackerman Digital Systems, Inc. 

FLOPPY DISC CONTROLLER AND MC68000 CARD! 110 N. York Rd., Suite 208, Elmhurst, IL 60126 • (312) 530-8992 
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Photo 5. The experimental interface board. Hero-I and its 
educational course are intended as a microprocessor 
hardware training product for individuals inside and out- 
side an organizational context. A key part of this aspect of 
the system is this prototyping board, mounted on top of 
the turret. 

According to Heath engineers, the internal bus of the 
on-board 6808 processor of Hero-I is brought out to the 
prototyping board. Microprocessor hardware portions of 
the Hero I course deal with building custom interfaces 
using this board and the on-board processor. 

For experimenters such as yours truly and readers of 
this magazine, a key part of adapt ating the Hero-I into in- 
tegrated personal computer-controlled demonstration 


systems is the set of plugs along the edge of this board. By 
substituting a functionally identical interface to a custom 
designed radio or sound communication device, it should 
be possible to turn Hero into a true emulation of Shakey, 
the experimental robot of the early 1970s (see the book 
by Bertram Raphael entitled The Thinking Machine: Mind 
Inside Matter, published by W. H. Freeman in the mid 
1970s). Shakey had an on-board PDP-11 of power com- 
parable to that of Hero's 6808. Shakey' s planning and 
strategy computations were performed by LISP pro- 
grams running in a large PDP-10 computer with a radio 
link to the mobile robot. While not as powerful as a 
PDP-10, a typical contemporary personal computer can 
be used in the same fixed-base computer function. 



Photo 6. The Hero-I design is a three-wheeled platform. 
One wheel is a steerable drive wheel, shown here. The 
remaining two wheels are on a common axis fixed with 
respect to the base. (Refer to photo 2) . The drive wheel is 
shown here pointing nearly straight forward. Several 
comments are worth noting. 

First, the fundamental method of tracking the position 
of rotating shafts in Hero is the optical shaft encoder. As 
implemented with the drive wheel, there is a circular 
pattern of uniform width bars mounted on the rim of the 
wheel (see photo 7 as well as this photo). These bars 
either reflect light or absorb it— in particular, they reflect 
or absorb the light output of an LED as detected after 
reflection by a photosensor. 

The drive motor is a fractional horsepower DC motor 
driving a reduction gear box, an assembly manufactured 
by Barber Kolman Company. The wheel is mounted 
directly to the output shaft of the Barber Kolman gear 
box. Also clearly visible in this photo and photo 7 is a pair 
of "choke" inductors used to suppress high-frequency 
noise caused by the motor commutators. 

Given knowledge of the wheel position by the shaft en- 
coding hardware, the Hero-I attempts to keep track of its 
physical location. It does this by tracking how far its 



drive wheel has rolled at a given steering angle. The only 
problem with this navigation method is that perfect 
wheels may never slip, but real wheels do. More on this 
later. 
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TODAY Dynamic Valves, 
Inc. is involved in under 
water retrieval, oil 
refineries, automated 
guidance systems, die 
casting, paint spraying 
and automated assembly. 


Our firm was born and raised in servo control technology. It is 
our sole business. Since the early days when we worked with a leading 
university in developing the mechanical arm, DYVAL has pioneered 
new designs and produced servovalves which offer the ultimate in 
precision control, reliability and quality of workmanship. 


We will be in Booth 295 at ROBOTICS VII, hope to see you there. 
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DYNAMIC VALVES, INC. 


923 Industrial Avenue, Palo Alto, Ca. 94303 
Ca. (415) 494-2333, Toll Free (800) 227-8825 
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Photo 7. Here we show the wheel rotated about 90 
degrees from the straight forward position of photo 6. We 
show this rotation to point out the Hero-I technique for 
determining the end point of any given motor's motion: 
limit switches. The spring mounted on the steerable 
wheel's assembly is shown being deflected by one of two 
metal posts. 

Look at the base of the post, where it joins the chassis. 
The post is insulated from the chassis by plastic washers. 
The contact of the spring with the post completes a cir- 
cuit from the post to the chassis. Closure of the switch is 
used by the control microprocessor to stop shaft motion 
at the limit. A similar mechanism is used for the 
manipulator arm rotation and other joints in the system. 

Other points of interest in this photo include the bat- 
tery bank in back of the drive wheel, as well as another 
view of the optical shaft encoder of the drive wheel. 
Similar shaft encoders are used to track the steering posi- 
tion of the drive wheel, as well as the shaft positions of 
most rotating joints in the system. 

Photo 8. Continuing the photographic review, a robot is 
incomplete without a manipulator arm and effector. 
Here we see the hand of a Hero. The claw can be opened 
or closed, using a ratcheting behavior when its limits 
have been reached in either direction. The amount of 
force available is intentionally limited to avoid the prob- 
lem of damaging human beings and other biological in- 
habitants of this planet. 

A sort of "wrist" action allows the whole claw to be 
rotated on two axes. One axis runs out through the center 
of the jaw. The second axis allows motion to and fro in a 
sort of waving action. The entire arm has a linear exten- 
sion degree of freedom implemented with a lead screw 
arrangement. 

Photo 9. Turning attention back to the top of Hero-I, this 
time with his "clothes" on, we can take a closer look at 
the programming console. Hero-I has an on-board 6808 
microcomputer with 8K bytes of read-only memory 
systems programs and 4K bytes of user-available scratch 
memory. 

Access to the microcomputer is through the pad 
shown. We'll give a couple of negative brownie points for 
the layout of the hexadecimal keypad as an array of 3 by 
15 plus 2 keys instead of a more normal 4 by 4 array. 

In our use of Hero for a week, we did not have access to 
more than an introductory technical document sufficient 
to verify that the machine worked. Given Heath's well 
deserved reputation for exhaustive and complete 
documentation, as well as a peek at a photocopy of the 
proofs at the press introduction on December 1, 1 can say 
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Join the robotics 
revolution now! 



With TeachMover, the 
low-cost, self-contained 
developmental robotic 
arm. 

Microbot' s new Teach- 
Mover robotic arm brings 
unique freedom to robotics 
development with its exclu- 
sive 13-mode " teach control." 
This simple set of buttons lets 
you program complex rou- 
tines with ease — without 
having to learn languages or 
enter long commands. No 
other comparable unit has 
anything like it. 

Priced at only $2,395, the 
TeachMover is ideal for engi- 
neers, educators, and hobby- 
ists alike. It has: 

• Five axes of movement so 
that it closely simulates 
full- scale industrial 
robots 
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• An onboard microprocessor 
with RS232C interface to 
allow operation with most 
computers 

• A built-in "intelligent" 
gripper that can sense 
objects and their size 
Joining the robotics revolu- 
tion is easy with the TeachMover 
from Microbot. For more in- 
formation on the TeachMover 
and other Microbot products, 
call toll-free (800) 227-8909 

for the name of the Microbot 
representative nearest you. 

In California or outside the 
continental U.S., call collect 
(415) 968-8911. 
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MICROBOT 


Microbot, Inc. 

453-H Ravendale Drive 
Mountain View, CA 94043 


Join the Microbot user group! 

Share your applications, software 
development projects, and ideas in a 
newsletter offered free through no-cost 
membership in the Microbot user group. 
For details, fill out and mail this coupon to 
Microbot, Inc., 453-H Ravendale Drive, 
Mountain View, CA 94043. 
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that a more complete manual will be provided with pro- 
duction units shipped by the time you read this. 

Based on the preliminary information we had last 
December in the form of a user manual, the basic 
method of writing programs for Hero-I is a form of hexa- 
decimal machine language augmented by a library of 
canned service routines for the machine's functions. The 
software tools incorporated in the read-only memory of 
the machine are primitive but useful. There is a single- 
board computer-style hexadecimal mode of interaction 
for entering a sequence of machine instructions. There is 
a "learn" mode for entering a sequence of instructions 
from the teaching paddle (see photo 10). There are built- 
in routines accessed by 6808 "jump to subroutine" in- 
structions for specific addresses. 

The outer level of the software in the standard ROM is 
a monitor which is entered upon power-up or upon 
pressing the RESET key. The monitor transfers to one of 
several execution states when one of the keypad's keys is 
pressed. The most important (and most painfully slow) 
mode is an initialization routine that exercises every 
motor through its entire range in order to calibrate the 
location of its shaft position encoders relative to 
mechanical stops. This routine takes several minutes to 
execute and must be performed fairly frequently to 
recover from random goofs in operations with the 
machine. 

Other modes we used frequently during our trials in- 
cluded the "manual" control mode, the "learn" mode, 
and the "repeat" mode used to access previously stored 
programs. 

Photo 10. We'll complete this photographic survey of 
Hero I with the key to its "learn" and "manual" modes 
of control, a handheld paddle that can control any of the 
motors in the machine. In the ' 'manual' ' mode, this pad- 
dle simply selects which motor is to be operated, the 
direction in which the motor is to be run (forward or 
reverse), and whether or not the motor is turned on. The 
rotary switch at the top of the box selects which motor; 
the slide switch in the middle of the box selects one of 



two groups of motors: the head and arm motions, or the 
drive wheel and its steering angle. The combination of a 
trigger (under the paddle) with the direction switch 
(closest to the handle) completes the set of controls. 

In the "manual" mode, all the paddle does is in- 
dividually control motors. In the ' 'learn' ' mode, the pad- 
dle simultaneously performs a manually directed opera- 
tion and records the operation in memory for a later 
repetition. Since the method of encoding programs is 
simply a series of subroutine calls to standard library 
routines along with the detailed parameters, all hexa- 
decimal texts seem to be inherently relocatable, allowing 
manual editing. The "learn" mode also provides for 
backing up over mistakes and recording new patterns in 
their place. Once a program is in place, it can be saved on 
a cassette tape, the only form of user program mass 
storage available with the machine. 

Summary and Critique. Hero I is beautiful. It is a 
product which provides a basis for experimentation 
and learning about the problems of real-time systems 
under the control of microcomputers. It is the kind of 
personal robot appropriate for today's marketplace— 
a machine intended for exploration and learning 
about the problems of controlling real-world systems 
with the computers of intelligent machines. 

Hero is a product of that functional tradeoff which 
has to be made at any given time in the evolution of 
technology. What can we learn about the present 
state of technology and future areas of improvement 
given Hero's present example? 

We expect that Hero will become a standard test 
bed, a starting point, for many interesting ex- 
periments in design of mobile, autonomous systems. 
Until we see additional entries in the marketplace, 
Hero, with its intended emphasis on experimenta- 
tion with sensors, computers, and electronics, is 
where the action is. Each of these comments could 
individually expand into a project with a life of its 
own as readers explore the ideas of personal robotics. 
The comments which follow are intended as inspira- 
tion for experiments with Hero. Some of these will 
ultimately appear in coming issues as technical ar- 
ticles on a Hero theme. 

The major enhancement we see needed for the 
Hero-I as originally introduced is attention to one 
crucial design issue. This is the issue of expanding 
Hero's effective on-board computer power. Hero's 
on-board computing facility is understandably 
primitive. Given the complicated matter of trading 
price and performance off against the expected 
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The RC-lOl 

Robotex Is reaching Into the future with ex 
citing microelectronic Innovations The new 
RC-101 robot controller combines ease of 
programming and operation with advan 
ced decision-making capabilities giving 
It virtually unlimited versatility for 
display use, the classroom or the lab 
oratory. Join Robotex and venture 
into the world of Robotics ... a 
glimpse of tomorrow! 


■ PROGRAMMING 

EASE: The RC-101 simplifies 
robot programming and 
operation by combining 
manual "Teach-in" program- 
ming, decision making capa- 
bility and numerous interfaces in one unit. 


I REAL WORLD INPUTS/OUTPUTS: 

Standard features of the RC-101 include six TTL level or micro-switch inputs, four 
photocell inputs with adjustable sensitivity and two contact closure outputs. 


IRTROL: ROBOT CONTROL LANGUAGE 

A language (compatible with “Teach-in" programming) 
which allows program decisions based on any of the 
input conditions. 

RTROL programs can be easily created, displayed and 
edited with a built-in keyboard, alphanumeric display 
and printer. 

I DURABILITY: The RC-101 is constructed to with- 
stand practical industrial use. 

I FLEXIBILITY TO CONTROL DIFFERENT 
ROBOTS: The RC-101 is currently offered with soft- 
ware for driving Mitsubishi’s RM-101 "Movemaster” 
micro-robot and Sandhu Machine Designs' xr-i "Rhino” 
Software for other robots is forthcoming. 

I CASSETTE PROGRAM STORAGE: This 
built-in feature allows control programs to be saved or 
loaded with a cassette storage interface. 




Move master 


MITSUBISHI 


B SOFTWARE: An RTROL language subset for the RM-101 or XR-1 is available for use on the 
Apple II + or Franklin Ace. 


Order these fine products from . 


STANDARD RC-101 $2260. 

MITSUBISHI’S "MOVEMASTER”. . $2340. 
SANDHU'S XR-1 $2400. 


Ill EAST ALTON AVE., SANTA ANA, CA 92707 (714) 556-8679 


Dealer inquiries are welcomed. 
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marketplace for a product, one cannot quarrel with 
the choice of elements of Hero's design. But, being 
technologically greedy for performance, wouldn't it 
be nice if we had more computer power? 

Hero's memory is limited. It is not significantly 
greater than the memory one could find on a single- 
board, engineering-oriented computer. We could ad- 
just this factor with a few dollars thrown in a couple 
of technological directions. One is to put more com- 
puting power and peripherals on board (at the price 
of weight and power consumption penalties.) A se- 
cond is to take the Shakey option— a communica- 
tions link by radio, sound, or cables to a fixed com- 
puter with considerably greater power. Intermediate 
between these two extremes is the procedure used 
by Charles Balmer in Avatar (see Robotics Age, 
Volume 4, number 1, January/February 1982). Avatar 
carries its complete computer system with it, but on- 
ly connects to floppy disks, printers, and terminals 
when in a stationary program development mode. 
Greater effective on-board computing allows use of 
better software development tools. 

As Hero enters production, there is only a very 
limited form of software development support: an 
audio tape interface to store program patterns which 
are manipulated in memory using the hexadecimal- 
oriented tools built into its standard read-only 
memories. 

The first level of augmentation possible is available 
for the price of a personal computer, an audio inter- 
connection cable, and the time spent integrating 
some software tools. The key is the cassette tape in- 
terface and a non-real-time batch transfer mode of 
communications. Speaking from our own ex- 
periences with small computer audio cassette inter- 
faces, it is quite possible to use the audio cassette port 
channels of a larger computer, such as a bigger Heath 
system, an Apple II, or Radio Shack machine, to 
drive inputs to the audio cassette ports of a computer 
with much more limited peripherals. We've shown 
this to be a practical software development tech- 
nique presently in use as a part of our development 
work for consumer computers. 

Given an engineering specification of the tape for- 
mat, a few further days with the Hero-I, and an ap- 
propriate personal computer, then the first com- 
munication augmentation of Hero can happen: the 
ability to conceptually develop and simulate pro- 
grams on a personal computer which are then batch- 
loaded to the Hero-I on-board computer by this sim- 


ple audio patch to the cassette port. The patch can 
work both ways, for the personal computer system 
can read the audio signal dumped by Hero-I to its 
cassette port as well. Hero will think he's talking to a 
cassette recorder. 

A more elaborate improvement to the basic Hero-I 
implementation is to extend communication into real 
time. The concept here is to replace the experimental 
interface board at the top of Hero with a custom 
peripheral for communications purposes and modify 
the standard ROM operating system with extensions 
to use the new port. We can then proceed to write 
programs which run in the big computer, responding 
to Hero's general control needs as required. In this 
conception, Hero's present on-board computer 
becomes a low-level controller, carrying out orders 
from the software development computer and report- 
ing back environmental conditions it perceives. The 
fact that we would communicate by means of radio 
or high-frequency sound waves does not greatly af- 
fect the problem; it is a proven technology for autono- 
mous robots. This is the strategy used, for example, 
in robot space exploration machines such as Viking, 
Pioneer, and Voyager. 

One of the critical design problems of every 
autonomous mobile robot is power. Mechanical 
motion uses much power. A machine with no me- 
chanical components, such as an electronic wrist- 
watch, can run for years on an extremely small bat- 
tery. But as soon as your wristwatch has to have 
powered wheels and a manipulator arm, that tiny 
battery would be drained in milliseconds if not 
microseconds. 

This power- versus-weight problem is the same one 
faced by all vehicle designers. The engineering 
tradeoff of using liquid petroleum products in auto- 
mobiles might have some attraction for future 
robotic systems in certain contexts. The energy den- 
sity of gasoline or diesel fuel is quite high compared 
to batteries. 

A robot like Hero is essentially a small, battery- 
powered vehicle, with all the energy density prob- 
lems of heavy batteries and limited watt-hours. 
Hero's power system includes a recharging unit with 
umbilical cable, but requires human intervention for 
actively setting up a recharge operation. Internal to 
the standard operating software and hardware is pro- 
vision for budgeting the power Hero uses. The inter- 
nal real-time clock of Hero's computer can be set up 

Continued on page 44 
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The Polaroid Ranging 


It will bring out the Newton, Franklin 


and Einstein in you. 

There’s one definition of invention Isaac, Ben 
and Albert would agree on. Namely, that invention 
“is the power to conceive new ideas and relation- 
ships.” And this is precisely the power that 
Polaroid’s Ultrasonic Ranging System Designer’s 
Kit puts at your fingertips. 

Ultrasonic and Ultrasensitive 

The Polaroid Ranging System is the same ultra- 
sonic system that automatically focuses our 
SX-70 Sonar cameras. It’s so sensitive it can detect 
the presence of a flower stem and measure distances 
from 0.9 to 35 feet away. But, what’s really amazing 
about the Designer’s Kit is its possibilities. They 
are as unlimited as your imagination. 

From Conservation to Computers 

For example, you might invent your own energy 
conservation system. Your Designer’s Kit can be 
made to accurately regulate things like your heating, 
air-conditioning and lights. Or hook-up your kit to your 
home computer, you’ll find your computer may be a lot 
smarter for it. Or set up your own very private home 
security system. Or measure any room in your house 
with electronic ease. 

Like we said, the possibilities are virtually unlimited. 

Order Your Kit Today 

Each Polaroid Designer’s Kit comes ready to use with 
pre-assembled circuit boards with LED display, electro- 
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need to bring out the Newton, Franklin 
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□ Please send me at $150 each (plus 

applicable tax). 

□ Please send me additional information. 


. State. 


-Zip- 


Phone (Area Code)_ 


, POLAROID' , 

Lm m—m mmm hm £ 1982 Polaroid Corporation “Polaroid ’ and “SX-70”® ■> m ^ m 


CIRCLE 28 


ROBOTICS AGE Mar/Apr 1983 17 


NUCLEAR POWER PLANT 
EMERGENCY DAMAGE 
CONTROL ROBOT 


James Gupton 
741 6-G Pebblestone Drive 
Charlotte, North Carolina 28212 



Early in 1979, an accident at the 
Three Mile Island nuclear power 
plant focused attention on the poten- 
tial radiation hazards associated with 
the generation of power by nuclear 
reactors. This drew national attention 
to the future potential failures of 
reactor hardware, cooling piping, or 
control devices and the resulting 
release of radioactive liquids or gases 

Photo 1 . A small-scale model for 
demonstrating the use of an in- 
dustrial robot in hazardous area 
repair service. 


into the reactor building. The reactor 
building is designed to contain radio- 
active spills, barring structural 
damage to the building. Such con- 
tained spills would result in radiation 
levels too high to permit the entrance 
of humans. The only effective 
method of shutting off the source of 
the spill and making emergency 
repairs would be the use of robots. 


If the technology exists to develop 
nuclear power generation, so should 
the foresight to apply the existing 
technology of industrial robots as a 
safety factor. Industrial robots have 
been in use for the past 20 years. 
They work tirelessly, performing 
welding operations, material hand- 
ling, material fabrication, and control 
of parts moving along conveyer belts. 

The current limitation of applying 
industrial robots to nuclear power 
plants lies in their design of a fixed 
base, which permits no movement 
from the fixed location. Most robots 
have only body rotation and move- 
ment of the work arm through the xy 
coordinates, rotation of the wrist, a 
gripping action of the manipulators 
and special-purpose work tools for 
welding or cutting. 

Robots used for emergency repair 
at a nuclear power plant must have 
capabilities similar to present in- 
dustrial robots. They also must be 
able to do the following: 

• See the extent of damage and 
relay this data to the damage con- 
trol operator. 

• Have mobility in an explosive 
hydrogen atmosphere or under 
radioactive water. 

• Interchange the work hand. 


The mobile robot base requires 
heavy steel construction in order to 
support the weight of the two robots, 
its on-board motor power source, and 
the weight of tools and repair 
materials. All motors, lights, elec- 
tronic equipment, and interconnec- 
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Figure 1. Artist's conception of a dual-armed, industrial robot on a mobile base for nuclear 
power plant emergency damage repair. 
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Figure 2. A possible design for an automatically interchangeable work tool. 
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tions must be both explosion-proof 
and waterproof. 

Communication between the 
damage control operator and the 
robot could be done by modulated 
beams of light transmitted by an um- 
bilical cord of optical fibers or a 
modulated HeNe continuous- wave 
laser. This communication method 
eliminates any possibility of RF 
power creating a spark and igniting 
explosive hydrogen. 

Figure 1 is an artist's conception of 
a two-manipulator damage control 
robot. Drive and steering motors are 
in sealed housings, a rotating televi- 
sion turret is centered between the 
two manipulators, and lights are ad- 
justable through both the x and y 
axes. An industrial robot manipu- 
lator, such as the Cincinnati 
Milacron, is positioned on the right- 
hand side of the robot base. It is 
modified to allow automatic inter- 
change of work hands. The robot on 
the left resembles Unimation's in- 
dustrial robot. Its purpose is to lift 
and position repair materials for 


Photo 2. The industrial robot arm selects the next work hand needed from a storage compart- 
ment over the mobile base battery compartment. 


welding. Its telescoping arm is ideal 
for this application. 

A scale-model mock-up was con- 
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structed to demonstrate how a 
damage repair robot would perform. 
Photo 1 shows this model, with a 
single industrial robot in the act of 
raising a section of cooling water 
pipe. For this type of work, the robot 
uses a heavy-duty, clamp-like tool. 
Below and to the right of the upraised 
arm is the robot vision turret. In the 
ideal situation, the mobile base lights 
would rotate and elevate in syn- 
chronization with the television 
camera and turret. The television 
camera would move from 0 to 90 
degrees vertically and make a com- 
plete 360-degree circular rotation on 
its base. 


Products 


Division of Designatronics, Inc. 

55 South Denton Ave., 

New Hyde Park, New York 11040 
Tel: (516) 328-3300/328-0200 


Photo 2 shows how the robot 
manipulator could store its heavy- 
duty clamp work hand and attach 
another work hand to perform cut- 
ting, riveting or welding action, as the 
repair task requires. The work hand 
in service is placed in a storage com- 
partment, as shown in photo 2. The 
work arm's wrist then rotates coun- 
terclockwise to release the work 
hand. 

Figure 2 is a drawing which shows 
how the "bayonet" wrist would be 
inserted into the "scabbard" type of 
receiver on the work tool hand. If the 
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Figure 3. Detailed drawings of the computer-controlled, industrial robot hand changing sections. Details of the scabbard and bayonet are shown. 


work tool hand requires electrical, 
hydraulic, etc. power, it is already at- 
tached to the sealed motor while the 
work hand is in its storage compart- 
ment. A supply reel then permits the 
work hand motor to operate any- 
where within the radius and arm 
movement range of the working 
robot. Figure 3 is a detailed drawing 
of the hand changer. 

Assuming the damage control 
robot is designed around the Cincin- 
nati Milacron and the Unimation 
Model 4000B industrial robots, the 
mobile base would need to support 
the 7700-pound working weight of 
the Milacron and allow 36 square feet 
of mounting space. The Unimation 
Model 4000B would add another 
4300-pound weight load and requires 
a 29.3 square foot base area. The total 
power requirement for the two 
robots is 56 KVA. 


This power draw would require 
power site connections at strategic 
locations within the containment 
building. The robot could then ex- 
tend a power arm from its base, on 
practically the same principle as air- 
borne aircraft refueling, and be com- 
pletely free of power umbilical cables 
for complete mobility. 

The mobile base lights, control, 
television camera, and drive motors 
would be powered by a silver/nickel 
battery assembly which is automa- 
tically charged any time the 56 KVA 
power connection is connected to a 
site power source. The weight of such 
a silver/nickel battery would range 
between 2000 and 3500 pounds, 
which brings the total support re- 
quirements of the mobile base to ap- 
proximately 16,000 pounds, ex- 
clusive of its construction material 
weight. A gross weight of 20 tons 


seems realistic for the operational 
weight. 

The initial concept of the damage 
repair robot was for nuclear power 
plant emergency use. There are other 
applications which might have even 
greater value for such a robot: 

• Fire fighting in building struc- 
tures, oil rigs, gasoline storage 
areas, shipboard fires, and so on. 

• Natural disasters, such as floods, 
hurricanes, undersea rescue, 
mine disasters. 

The robot would already be water- 
proof and explosion-proof. We need 
only to make it fireproof to apply its 
functions to these other disaster 
areas. □ 


Author's Note: The robot and the hand 
changing capability is covered under inven- 
tion disclosure number 087122 dated 7 
January 1980. 
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Continued from page 3 
Institute, the conference will provide 
a forum for new research and study 
results in the technical and social 
sciences. Session categories include 
international and legal considerations, 
nonterrestrial materials resources 
and processing, electromagnetic ac- 
celerators, space stations and 
habitats, biomedical and social 
sciences, the economics of space in 
private enterprise, and new technical 
concepts. Dr. Gerard K. O'Neill, Pro- 
fessor of Physics at Princeton Univer- 
sity and president of the Space Studies 
Institute, is chairman of the Con- 
ference Organizing Committee. 

JUNE 

June 14-16, 1982. International 
Robot Conference and Exhibition 
(INTEROBOT). Long Beach Conven- 
tion Center, Long Beach, California. 
Contact: TCM, 143 North Hale Street, 
Wheaton, Illinois 60187. Phone: (312) 
668-8100. 


Sponsored by The Robotics Industry 
Directory , INTEROBOT is expected to 
attract a highly-qualified audience of 
production, research, design, and 
management people. Products on 
display include robots, positioning 
tables, programmable controllers, vi- 
sion systems, CAM systems, com- 
puter hardware and software, and a 
wide range of components. 

June 7-11, 1983. 1983 Rochester 
Forth Applications Conference. 

University of Rochester, Rochester, 
NY 14623. The third annual 
Rochester Forth Conference will em- 
phasize the use of Forth in robot ap- 
plications. Topics include: mechanical 
and electrical engineering, vision, arti- 
ficial intelligence, computer network- 
ing, and automated manufacturing. 

Papers are requested in all con- 
ference topics. The papers will be 
presented in either oral or poster ses- 
sions. A 200 word abstract must be 
received by April 15, 1983. Final 


papers must be submitted by May 15 
for the oral session and June 1 for the 
poster sessions. Papers are limited to a 
maximum of 10 printed pages. 


JULY 

July 25-29, 1983. Robot Manipula- 
tors, Computer Vision and Auto- 
mated Assembly. Artificial In- 
telligence Laboratory, Massachusetts 
Institute of Technology, Cambridge, 
MA 02139. Contact: Director of the 
Summer Session, Room E19-356, 
MIT, Cambridge, MA 02139. 

This is a summer session course 
which is designed to prepare the par- 
ticipant for the sophisticated methods 
soon to be employed in advanced 
automation. The emphasis is on 
developing strategies for the solution 
of problems in sensing, spatial reason- 
ing, and manipulation. The use of ex- 
isting industrial robots and binary vi- 
sion systems is covered as well. 
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Journal of Bar Code System Applications. 

□ Please send copies of the 1982 Directory of Bar Code 

Manufacturers and Services at $24.95 (includes postage and 
handling costs) Total Enclosed $ 

□ Persona! Check □ Cash □ MasterCard □ Visa 


BONUS 


Account No 


Expires 


Signature 


Name 


Address 


Company 


Phone 


City State Zip 

Send to: North American Technology 

174 Concord St., Peterborough, NH 03458 (603) 924-7136 


READER SERVICE 

INQUIRY 

NUMBER COMPANY 

1 Ackerman Digital, p. 9 

2 Advanced Technology, p. 39 

3 Amherst Industrial, p. 1 

4 AMSI, p. 27 

5 A Priori, p. 37 

6 Ballinger Publishing Co., p. 29 

7 Cyberpak, p. 24 

8 Dun & Bradstreet, p. 30 

9 Dynamic Valves, p. 11 

10 Heath, p. 5 

1 1 Honeywell Motor Products, Cov III 

12 Infranor, p. 19 

1 3 Iowa Precision Machine, p. 33 

14 Leading Edge, Cov IV 

1 5 Mack, p. 3 

1 6 Microbot, p. 1 3 

17 Micromint, p. 39 

18 Moog, p. 2 

* North American Technology, p. 22 

19 Oriental Motor USA Corp., p. 37 

28 Polaroid, p. 17 

20 Rhino Robots, Cov II 

21 Robotex, p. 15 

22 Robots 7, p. 35 

23 Spectron Instrument, p. 38 

24 Stock Drive Products, p. 20 

25 Superior Electric, p. 6 

26 Vernitech, p. 24 

27 Vertel, p. 25 

‘Correspond directly with company. 
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ARTIFICIAL INTELLIGENCE 
AND THE NATURE OF 

ROBOTICS 


Alfred B. Bortz 
1312 Foxboro Drive 
Monroeville, Pennsylvania 15146 


The quoted passages are from statements 
made by Professor Herbert Simon during in- 
terviews at Carnegie-Mellon University on 
June 25, 1980 and September 29, 1982. This 
article is an excerpt from the book, Robotics: A 
Decision Maker's Guide, which is scheduled to 
be published under the CBI imprint of Van 
Nostrand Reinhold. 


His Ph.D. degree is in political 
science. He holds the prestigious title 
of University Professor of Psychology 
and Computer Science at Carnegie- 
Mellon University (CMU) in Pitts- 
burgh. He is a Nobel Laureate in Eco- 
nomics. And he is one of the founders 
of the modern discipline of artificial 
intelligence, also known as AI. 

You would assume that, with these 
varied credits to his name, the range 
of Herbert Simon's research interests 
would be wide. But that isn't so, said 
Simon in a recent interview. "My 
lifelong research interest has been in 
decision-making. I haven't moved an 
inch from that for 45 years now." 

An interview with Herbert Simon 
is an experience to savor. You first 
find Baker Hall, one of CMU's origi- 
nal buildings. The first and second 
floor hallways slant downwards from 
the front of the building to the back. 
It is said that Andrew Carnegie 
wanted them built that way when he 
endowed the school; if it failed as an 
institution of higher learning, the 
building could house a factory assem- 
bly line. The third floor is discon- 
tinuous, so each stairway has a sign 
telling the numbers of the rooms to 



This article summarizes two interviews 
with Carnegie-Mellon University Pro- 
fessor Herbert A. Simon. The interviews 
covered topics which include the com- 
parison of artificial and human in- 
telligence, robot sensors and grippers, and 
Simon's Nobel prize winning work on 
economic theories which "take account of 
information-processing limitations on the 
decision-makers . ' ' 

Simon, shown here, identified planning 
as "the biggest contribution AI can make 
right now" in robotics. Looking to the 
future, Simon saw other applications of ar- 
tificial intelligence in robotics, including 
such down-to-earth applications as auto- 
matic bulldozers and expert systems 
which successfully steer a supertanker 
into a harbor. 


which it leads. One stairway has a 
sign with a large Greek letter Psi and 
the words "Psychology Department, 
third floor." At the top of the stairs is 
an unpretentious steel door with 
a small plastic label which reads 
"H. A. Simon." 

Behind that door are two offices, 


Simon's and his secretary's. Simon's 
is spacious, cluttered, professorial. 
When you recall that ordinary pro- 
fessors don't have secretaries, you 
are reminded that Herbert Simon is 
no ordinary professor. File cabinets 
bulge with his published papers, 
course notes, lecture notes. Some- 
where in there is a copy of an address 
he delivered to a prestigious gather- 
ing of scientists in Stockholm in 1978. 

Simon extends his hand to greet 
you. "Good to see you!" he says and 
means it. You settle into a chair and 
begin your interview; it's more like a 
conversation with an interested 
friend. Only when you return home 
to transcribe the tape do you realize 
the nuggets of wisdom and humor 
that Simon has given you. 

Artificial Intelligence. CMU is one 
of three universities regarded as the 
centers of excellence in AI research 
in the United States. (MIT and Stan- 
ford are the others.) Unlike many 
universities, CMU has emphasized 
entrepreneurial spirit as well as 
scholarly activities. It was natural for 
CMU to take a bold step in 1980 and 
build a robotics institute around the 
scholarship of Simon and his col- 
leagues, people like Professor Allen 
Newell, who has worked with Simon 
since the 1950s, and Professor D. Raj 
Reddy, an expert in speech synthesis 
and recognition, who was appointed 
director of the new institute. 

Shortly before the Robotics In- 
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stitute opened, Simon explained the 
connection between AI and robotics: 
"The whole reason why we're star- 
ting up a robot project at Carnegie- 
Mellon is because we have a very 
large group of people who are at the 
frontiers of artificial intelligence, and 
some of us are interested in seeing 
what kinds of real-life applications 
there are. What part of this existing 
and developable technology of ar- 
tificial intelligence have we wits 
enough to find application for in 
these industrial settings? The kinds of 
applications that the group will select 
to focus on will be problems where 
we think that the current kinds of 
robotry will not do the job or we 
think intelligence really is called for." 

In their university setting, the 
scientists and engineers of the 
robotics institute are more interested 
in developing and designing the next 
generation of robots than in applying 
existing robots. That new generation 
will be characterized by applications 
of AI, as Simon explains. 

"If we're talking about applications 
at present, artificial intelligence plays 
a very modest role. Present robotics 
is largely based on control theory 
concepts that have come out of engi- 
neering. Insofar as the systems give 
signs of intelligence, it's because feed- 
back controls have been arranged. But 
the underlying technology that these 
feedback controls are based on is not 
the technology that we would call ar- 
tificial intelligence. It's much more 
classical engineering technology. 

"That has its limits. There are 
various kinds of strong restrictions 
you put on it because you've been 
guided by the mathematics and what 
can be done with the mathematics. 
The promise of AI is that you'll have 
a number of ways of producing re- 
sponses to the environment, re- 
sponses to stimuli, that are more flex- 
ible than the kinds of responses you 
can get with this classical control 
technology. Responses to different 
kinds of stimuli, according to classi- 
cal control theory, depend on every- 
thing being numericized or arithme- 
tized; whereas with artificial in- 
telligence techniques, you can use 
natural language input and other 


kinds of symbolic inputs that are not 
numbers. 

"You can think of the kinds of in- 
dustrial robots that are being planned 
and installed now as a natural con- 
tinuation of the kinds of mechaniza- 
tion and automation that have gone 
on for 100 years. To take the next 
step, to go any farther than we've 
gone today, there's got to be a lot 
more between the ears of the robot. 
There's got to be some intelligence." 

Exactly what does artificial in- 
telligence mean? 

"Artificial intelligence," says 
Simon, "is the exhibition of behavior 
by computers which would be called 
intelligent if it were exhibited by 
human beings." 

But human beings exhibit a wide 
range of behaviors and traits. How 
far is Simon willing to carry the 
analogy? Far enough to lead us down 
an interesting detour before we 
return to the topic of robotics. 

AI and Human Intelligence. When 
asked, "In what sense is artificial in- 
telligence like human intelligence?" 
Simon replies, "I occupy one of the 
extreme wings on this. The way we 
tell if a human being is intelligent is 
we give him certain tasks and see 
what he does with them. Intelligence 
has to do with the ability to respond 
appropriately to complex situations. 
Every time we write a computer pro- 
gram to do that, particularly if it's a 
fairly general program, I find it quite 
natural to speak of the computer as 
exhibiting intelligence." 

Artificial intelligence programs 
have been written which make it pos- 
sible for a computer to learn. 
Humans, however, do more. They 
learn how to learn. They organize 
facts, generalize, build hypotheses, 
and test them. In that sense, humans 
are self-programming. 

Simon believes that computers can 
do all that, too. Describing a com- 
puter program written by his student 
Patrick Langley, he says, "BACON is 
a program which likes to look at 
bodies of data and find invariants in 
them. We gave it, for example, some 
data on the distances of the planets 
from the sun and their periodicities, 


and BACON, with very little search, 
discovered Kepler's Third Law." 

He admits that "of course, we gave 
it problems that we thought it could 
solve, but the interesting question is 
what did it use to solve them. What it 
used were a few heuristics that were 
not subject matter dependent. A lot of 
scientific discovery is data-driven, 
and the heuristics used to find things 
in those data are very general." 

Simon laughs when he recounts the 
way BACON discovered atomic 
weights and atomic numbers from 
chemical data. "This is essentially 
the path that Dalton, Avogadro, and 
Cannizaro followed from 1800 to 
1860. The wonder is why they took 
60 years. We have some hypotheses 
about that, too. People are going to 
make your response (that the re- 
searchers gave their program prob- 
lems which they knew it could solve) 
until the day when we get BACON to 
discover a new law." 

BACON uses built-in heuristics to 
discover order in data, but it would 


have to get up early in the morning to 
outdo AM, a program that develops 
its own heuristics. "Doug Lenat (at 
Stanford) has a program he calls AM, 
I think for artificial mathematician," 
Simon explains. "It has three things. 
You give it some basic knowledge 
about something. The most interesting 
thing it did was with some basic know- 
ledge about set theory ... the first two 
weeks of a course in set theory. 

"The second thing he gave it were 
some heuristics about what made a 
concept interesting: a concept is in- 
teresting if it is related to a lot of other 
interesting concepts. A concept is in- 
teresting if you can find examples of 
it, but they're not too easy to find. It is 
interesting if it has strong consequen- 
ces, etc. Whole bunch of 'em— 50. 

"The third thing he gave it were 
some hints about how you go about 
looking for interesting concepts. If 
you have a concept, find examples of 
it. Look at extreme examples and try 
to build a new concept around them 
. . . about 100 of these. 


"In about two hours of PDP-10 (a 
major mainframe computer) time, 
the program discovered the natural 
numbers, thought they were a little 
interesting, discovered the opera- 
tions of addition, subtraction, 

multiplication, and division It 

found that numbers have divisors 
and got interested in the extreme case 
of numbers that had only two 
divisors (prime numbers). It found 
out some properties about them. It 
conjectured that any number could 
be represented as the product of 

powers of primes " 

After Simon finished ticking off the 
conjectures of AM, he went to pro- 
grams that teach themselves. "Now if 
you want a program that can pro- 
gram itself, we're doing some work 
on learning around here, and one of 
the current doctoral theses by David 
Neves is a program that learns from 

textbook examples 

"What Neves' program can do is to 
examine that step-by-step example 
(solving a linear equation) and on the 
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basis of that, program itself to solve 
linear algebraic equations, not just 

the equation it saw the example of 

The particular case it worked on is 
something a typical high school alge- 
bra course would spend a week on." 

Another program learned how to 
solve basic physics problems in the 
area of kinematics, the description of 
motion. Simon thinks that program 
could do more. "It's not clear 
whether you need more sophisti- 
cated programs when you move from 
that to quantum mechanics or 
whether you just need to have all the 
previous weeks. My own hunch is 
that it's the latter." 

Human intelligence has other 
dimensions besides learning. Humans 
are creative, insightful, and have 
senses of humor and emotion. Simon 
insists that artificial intelligence can 
have the same dimensions. 

Concerning creativity, he cites ex- 
amples from music, art, and game- 
playing. In 1956, a program on the IL- 
LIAC computer wrote "The Com- 
puter Cantata." Simon says, "I have 
sat professional musicians down to 
listen to it and asked them for a judg- 
ment as to whether it is musically in- 
teresting The answer is yes, they 

find it musically interesting," even if 
they are not aware of its source. 

Simon and others also regard 
computer-generated art as interest- 
ing. Duane M. Palyka's work has 
been exhibited in the Museum of 
Modern Art in New York, and Simon 
has a piece of Palyka's work hanging 
in his living room. 

Game-playing requires a different 
kind of creativity. Simon cites CMU 
Professor Hans Berliner's backgam- 
mon program, which defeated the 
world champion in a match in Monte 
Carlo in 1980 and several chess pro- 
grams which have attained expert 
ranking. Humans can still take heart 
from the results of a human-versus- 
computer chess tournament held in 
conjunction with the 1982 AAAI 
(American Association of Artificial 
Intelligence) Conference in Pitts- 
burgh. When the humans are com- 
puter scientists, they can exploit 
weaknesses in the programs. 

Michael Goodside, for example, 


played a simple strategy in which he 
planned for the coup-de-grace to 
come approximately 30 moves 
ahead. The program, which was ex- 
cellent in playing brute-force, look- 
ahead chess for about 6 moves, fell 
into Goodside 's trap. The commen- 
tator describing the game to spec- 
tators outside the room quickly 
perceived the plan and began predict- 
ing both players' moves with nearly 
perfect accuracy. 

Simon believes chess programs 
have more than brute force capabili- 
ties; they also have insight. "Insight 
is a label we apply when somebody is 
presented with a situation, and with 
some kind of suddenness, he 
responds to it intelligently. We know 
a good deal about that in human be- 
ings. A person who is very experienc- 
ed in a particular field looks at a situa- 
tion, sees in it a pattern which tells 
him what to do because that's what 
you always do when you see that pat- 
tern. 

"What's surprising about it to us 
when it happens to us is that we don't 
know how we did it! The process in- 
volved, as near as we can tell, is ex- 
actly like the process when you 
recognize an old friend. You look at 
his face, you sort the features down 
your discrimination net, and you say, 
'Oh, that's Joe!"' 

No one has written a program with 
a sense of humor, but Simon knows 
where he would start to write one. 
"What's involved is knowledge of 
what's expected and a disappoint- 
ment of those expectations." The 
knowledge of what is expected is the 
difficult part. There's a lot of context 
involved in understanding a joke. 
"That's why Englishmen don't 
understand American jokes and 
Americans don't understand English 
jokes," Simon comments. 

Simon answers the question of 
computers and emotions by looking 
at the basis of human emotions. Peo- 
ple have attention, which enables 
them to focus on important parts of 
their environment and interrupt 
mechanisms, which enable them to 
respond to changes. "By the time we 
have all those things in the program, ' ' 
he says, "we're beginning to get a 


system which is rather analogous to 
human emotion. 

"You might ask, 'But is it really 
emotion?' There is a philosophic posi- 
tion known as solipsism which says, 
'I know I have emotions, but the only 
reason I credit you with emotions is 
that it's a convenient theory since 
you look so much like me.' I could ap- 
ply that language to my computer. At 
that point, it becomes a rather dif- 
ficult philosophical question as to 
whether you want to attribute emo- 
tions to it. 

"Probably the line will get very 
hard to draw at the time we have 
computer programs that have images 
of themselves as part of their models 
of the world. Then you're going to 
have to ask whether they have con- 
sciousness or not." 

Using Sensory Information. Despite 
the nearly unbounded future which 
Simon sees for AI, he is realistic in 
terms of what its immediate benefits 
are in robotics. He points out that "an 
important current bottleneck in how 
far we can apply robotics is on the 
side of sensory devices. What kind of 
information can the robot take in 
from the environment? We're going 
to have something that's much more 
powerful than the things we have at 
present, much closer to the capability 
of the human eye, especially. (It will 
be) different from the human eye, 
but (it will have) those powerful 
kinds of capabilities to pick out rele- 
vant parts of a display, home in on 
them, get high resolution on little 
fragments of the display or scan it 
more broadly. 

"We can build cameras, but, hav- 
ing taken the picture, extracting in- 
formation from the picture is a real 
tough job. The kinds of techniques 
and approaches that the artificial in- 
telligence community has developed 
over the past 25 years may play a 
very large role on the sensory side of 
robotics. But that remains to be 
proved. It's not clear yet what kinds 
of things will work in terms of the in- 
terpretation of sensory information. 
The limits there are software limits." 

Even the hardware limits Simon 
sees are tinged with AI applications. 
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"The main hardware limits today are 
on the motor side. They're limits on 
building things that can have the 
delicacy and gentleness of the human 
motor system, that don't have so 
much inertia, that can pick up an egg. 
There, a lot of mechanical engineer- 
ing is being done, (but) there still is 
the problem of feedback from the 
sensors and flexible control. So you 
may still need kinds of control 
mechansims which are not in the 
purview of control theory today." 

Robotic Possibilities and Limita- 
tions. Certainly, the interpretation of 
sensory information is an important 
area in AI research today, but there is 
one area in which AI can make a sig- 
nificant contribution in robotics right 
now— planning. "Given that the 
robot is faced with some kind of a 
problem, with something it has to ac- 
complish, the thinking through of a 
plan of action that has a chance of ac- 
complishing that is the biggest con- 
tribution AI can make right now," 
says Simon. 


"It's easy to see, even at present, 
how you can build AI programs that 
address those problems, an example 
being the 'Shakey' robot out at SRI a 
couple of years ago. It had fairly 
primitive abilities to move around in 
its environment, although it could. 
But it could think through, it could 
plan through, what it had to do before 
it launched into action. It had ways of 
doing means-ends analysis. 'I want to 
get there, and I am here. What are 
some of the things that I can do about 
it? If doing that gets me some other 
place, then where do I go from there?' " 

In a famous example, "Shakey" 
was told to remove a block from a 
platform. To do that, it had to move a 
ramp to the platform, climb the ramp 
to get up on the platform, then push 
the block off. It planned those ac- 
tions, then performed them. 

A significant advantage to having a 
robot with some planning ability is 
that instructions to the robot can be 
simplified. The information content 
of a single instruction can be substan- 
tially more than that in the instruc- 


tions which are currently used. 

If that is what AI can do today, 
what can we expect it to do for 
robotics 25 to 50 years from now? 
"It's very easy to predict that we will 
have come a long way," Simon says 
with a laugh. Gesturing toward his 
window, outside of which a man is 
operating a large earth-mover, he says, 
"Maybe within that time span you're 
talking about automatic bulldozers." 

Will domestic robots be as ubi- 
quitous and useful 25 to 50 years 
from now as home computers are to- 
day? Certainly, there will be more 
automation in home appliances, 
Simon answers, but there are certain 
inherent limitations. "Vacuum clean- 
ers? That's a way off because that 
really requires a great deal of flex- 
ibility in moving around an unruly 
environment. That's the toughest 
aspect of the job." 

While Simon talks about possibili- 
ties, he does not neglect limitations. 
Whether the new robots of a genera- 
tion from now are automatic bull- 
dozers or sophisticated factory-based 
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robots, there will always be new 
technologies offering new informa- 
tion for robots to use. "Physicists are 
great at devising systems that can 
detect all kinds of radiation, all kinds 
of pressure, all kinds of this-or-that. 
That's not a serious bottleneck prob- 
lem. The serious bottleneck problem 
is the next step of how you make co- 
herent interpretations of those and 
know what kind of a world they're 
describing." 

Programs which analyze that infor- 
mation may be based on theories con- 
taining models of the robot's world, 
but in robotics, unlike most other 
engineering disciplines, bad theories 
will not necessarily cause you serious 
problems. Bad theories can be cor- 
rected by good artificial intelligence. 

As Simon puts it, "One of the 
things that makes robotics different 
from other aspects of AI is you don't 
have to believe your theories because 
you're always getting information 
from the real world that allows you to 
correct them. All you require is a 
system that doesn't do something 
disastrous before the correcting in- 
formation comes in." 

Robotics and Learning. For humans, 
learning is essential to effective func- 
tioning. Learning will also be impor- 
tant to the robots of the future, but in 
a different way. "In one important 
respect, you would expect learning to 
be less central to robotics than it is to 
human life," Simon notes. "That is, 
once you have a good program, you 
can stuff it in any computer that hap- 
pens to be around. You can make a 
chip to implement that program. In a 
human being, the only way we know 
to implement a program is to send 
people to school. Sometimes that 
works and sometimes that doesn't, 
and it takes a long time. In the human 
case, there would have to be learn- 
ing; in the robotics case, you simply 
stuff a program you already know 
about into the thing, and off it goes. 

"Nevertheless, there are important 
realms where learning will probably 
be crucial. If some of our robotic 
systems are expert systems— they 
have a tremendous amount of know- 
ledge about some subject matter— and 


that knowledge needs to get revised 
and updated and improved, either on 
the basis of the robot's own ex- 
perience or on the basis of accumula- 
tion of general human knowledge, it 
may turn out to be easier to teach 
new things to a robot than to re- 
program it. Because to reprogram it, 
you have to really understand the 
structure of the program. 

"The great thing about human 
learning is that we don't have to 
know the structure of how things are 
stored now— it causes a lot of trouble 
that we don't— in order to add new 
things to the store. And if we get 
systems that are so complex that 
nobody, including the system itself, 
really understands how things are 
organized in detail inside, maybe the 
only way of revising that system will 
be (for it) to learn. 

"I think there already is interest in 
learning. Suppose you were trying to 
get a nontethered underwater vehicle 
to do something sensible about the 
obstructions it encountered. Well, if 


it were an expert, it might be able to 
make inferences about what those 
obstructions were and what to do 
about them. One could conceive of 
robotics applications where you 
would really want an expert as part of 
the system." 

One could, indeed. Imagine a robot 
planetary probe. If it had to send in- 
formation back to earth for expert 
analysis, the round trip for the radio 
signal, travelling at the speed of light, 
would take minutes or hours. Trying 
to control such a robot would be like 
pushing on a rope. 

Simon recalls a similar study of 
humans trying to control vehicles 
with delayed responses to steering. 
"There's been a lot of interest in 
steering big oil tankers into harbors. 
When you're steering a ship, there's a 
very sizeable lag after you turn the 
rudder before there's any noticeable 
response to the ship. This turns out to 
be a fantastically hard job for a per- 
son to learn to control a system with a 
delayed response." An expert system 



Taking Simon at his word that "(o)ne could conceive of robotics applications where you 
would really want an expert as part of the system," artist Gordon Wenneker developed this con- 
ception of a rolling/walking robot planetary explorer with artificial intelligence. The robot is ex- 
amining a rock which it has picked up. For this robot, navigation and movement controlled 
from Earth would be exceedingly slow due to data bandwidth limitations and the time to 
transmit information between the robot and an earthbound controller. However, if the robot 
were equipped with planning capabilities and expert knowledge for interpreting images of its 
surroundings, it could navigate successfully and transmit information about items which its 
programs identify as interesting. 
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at the controls of a tanker or a robotic 
planetary explorer is an interesting 
concept. 

The Robotic Environment. When- 
ever a manufacturing company con- 
siders installing robots in its factory, 
it must consider the plant's layout. 
Much more so than a human worker, 
a robot needs a structured environ- 
ment. Even robots with vision re- 
quire controlled presentation of 
parts; the parts-in-a-bin problem has 
not yet been solved. Artificial intelli- 
gence will enable robots to adapt to a 
less orderly environment, but how 
much so? And will that adaptability 
have an economic advantage? Simon 
found the questions interesting. 

Turning again to the window, he 
replied, "It's nontrivial for that guy 
out there digging to know what he's 
digging at a given moment, just hav- 
ing a plan to know what the hole 
should look like eventually. You 
could have all sorts of devices 
mounted on the buildings here which 
would automatically give bearings 
and control that thing much better 
than that human operator could do. 
But what he's got going for him is the 
ability to see where that dirt is lying 
in the irregular hole down there and a 
whole lot of things like that. 

"We are going to gradually and not 
too slowly progress in the direction of 
being able to build 'beasties' that can 
live in fairly unstructured environ- 
ments. And that's why the sensory 
and motor end of these things is so 
important. I expect to see steady 
progress being made, but I think 
we've got a long way to go." 

As to the economic advantages of 
an unstructured environment, Simon 
commented, "It was a great 
discovery a long time ago that the 
best way to operate on natural 
materials and natural environments 
is not to operate on them at all, but to 
transform them into controlled en- 
vironments and controlled materials. 
The first thing any manufacturer 
does with any natural raw material is 
to purify it, homogenize it." 

After citing examples of the 
transformation of cotton bolls into 
cloth and of iron ore into steel, Simon 


described an example of a controlled 
environment, "a great advance in 
drilling engine blocks. They used to 
have a drill press. They'd first posi- 
tion the block very carefully, drill a 
hole, move the block very carefully, 
drill a hole— well, the whole cost was 
in the calibration, the positioning. 
You build a drill press with six heads, 
and all of the calibration is built once 
and for all into that head. You still 
have to place the block there, but the 
accuracy you have to do so is an order 
of magnitude less than the accuracy 
at which those holes have to be bored 
in relation to each other. 

"So you get all of the information 
into the system, and then the opera- 
tions don't have to process any infor- 
mation at all. Well, that trick is not go- 
ing to go out of fashion just because 
we can produce robots. It still, in 
most cases, is going to be cheaper to 
grind up the garbage and put it down 
the drain than it is to robotize garbage 
collection. That's always going to be 
the economic competitor. 

"Now there are some places we 


can't do that. If you're actually gonna 
build a new building, you gotta dig a 
hole in the earth! And the earth is the 
way it is." In other words, as long as 
you can control the environment, 
you are better off, but there are cer- 
tain jobs in which you can't. It is 
those jobs which will benefit most 
from advances in applied AI. 

Brute Force and Sly Tricks. Be- 
cause of their perfect recall and the 
ability to do brute-force analyses and 
lengthy searches, computers have 
many advantages over the human 
mind. On the other hand, the human 
mind has an organization far superior 
to the most sophisticated modern 
computer "architectures." In com- 
puterese, a human has an "associa- 
tive" and "content-addressable" 
memory. 

A current controversy in AI circles 
is whether robotics has more to gain 
by taking advantage of the brute- 
force capabilities of computers or by 
trying to incorporate models of 
human thought processes. Simon 
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takes a middle ground here. 

"I think the answer is some of 
both/' he says. "The problem spaces 
in which you have to operate on the 
problems of interest are so enormous 
that you're not going to get by just 
with brute force. You're going to have 
to borrow all kinds of heuristics and 
sly tricks from the way human beings 
do it. And that's been the history 
of AI." 

Looking to the future, Simon says, 
"I think you will find important AI 
ideas built into these systems and 
essential to them, although you will 
also take advantage of the fact that 
you've got a lot of cheap brute force. 
You'll have your cake and eat it, too, 
in a way." 

Acceptance in Society. During his 
career, Simon has had the opportuni- 
ty to observe first-hand the reactions 
of people to computers and robotics. 
He perceives a change in attitude. A 
few years ago, he would often inject 
the following idea into conversations: 


"Suppose we had a race of robots 
which could be raised with humans. 
They were exactly like humans with 
one important difference— they were 
less subject to mental and physical 
disease. They were, of course, made 
of metal or whatever, but in a way 
that they were cuddly enough. 

"Now we're going to have a 
referendum. We want to transmit our 
human culture to future generations. 
Are we going to select these creatures 
to transmit the culture?" 

One evening, Simon made the mis- 
take of answering his own question. 
He told his hostess, "I don't know 
how I would vote because voting 
against the robots at that point almost 
sounds like a form of race prejudice." 
That remark almost cost him his 
dinner! 

Simon hasn't tried that ice breaker 
recently, but he suspects that it 
wouldn't cause him as much trouble 
as it once did. "My feeling is that the 
edge is off the fear a little bit with 
respect to computers for most people. 


Or I think probably a more accurate 
way to put it is there are probably 
fewer people who get creepy feelings 
when you mention computers than 

there were a few years ago I don't 

sense as extensive a sharp worry as I 
did a few years ago." 

Simon Sums Up. Discussing his 
decision-making ideas for which he 
won the Nobel Prize, Simon says, 
"Part of the problem of doing good 
economic research is to find ways of 
relating theories to information. A 
major part of my concern with 
decision-making in economics was to 
revise economic theories of decision- 
making to take account of 
information-processing limitations on 
the decision makers." 

That statement brings him directly 
to the way AI is applied in robotics. 
"That's the central theoretical prob- 
lem we're dealing with in all of this 
AI. It's not how, in principle, do you 
solve a problem, but how, in practice, 
do you solve a problem. ' ' □ 
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The fictional robot and the factory 
robot have one principal anatomical 
difference. The R2-D2s of the fic- 
tional world, without exception, have 
some type of ambulatory mech- 
anism. Modern industrial robots, on 
the other hand, are rooted to one spot 
in their working environments. 

This stay-put design is not always 
dictated by the application. Moving 
about requires the ability to sense 
and interpret the make-up of the en- 
vironment. Humans navigate by 
sight, sound, and touch. One or more 
of these senses would be useful in the 
design of an ambulatory robot. 

Such an ambulatory robot design is 
described in patent number 
4,328,545, entitled "Driverless Vehi- 
cle Autoguide by Light Signals and 
Two Directional Detectors." The 
automatically guided unmanned 
vehicle was invented by James R. 
Halsall, Michael H. E. Larcombe, 
James R. Robertson, and Mark A. M. 
Rogers. The patent is owned by Im- 
perial Chemical Industries Limited of 
London, England. 

The concept of a driverless, robot 
vehicle is not new. Such vehicles are 
commonly used in automated ware- 
houses. These vehicles, however, are 
guided along predetermined paths 
either by sensing wires embedded in 
the floor or by light beams. The in- 
vention described in the patent pro- 
vides a navigation and guidance 
system which allows the robot to 
rove about rather than follow fixed 
paths. The navigation system consists 
of on-board light-sensitive detectors 


which respond to light emitted by 
beacons of known positions. 

At least two direction-sensitive 
light detectors are mounted on the 
vehicle. Each detector has a photo- 
sensitive element and the means to 
determine the direction of light 
detected by the element. Two or 
more beacons are located at fixed sta- 
tions in the area in which the vehicle 
will operate. These stations are 
chosen so that each detector can 
receive light from at least two bea- 
cons. The output from the detectors 



is fed to an on-board computer. The 
computer correlates the bearing of 
the beacons and calculates the posi- 
tion of the vehicle in the work area. 

The beacons are best constructed 
from constant, omnidirectional light 
sources. For large work areas, the 
beacons may be generated as a col- 
limated beam which is swept in a 
horizontal circle. Infrared and ultra- 
violet light sources can be used, but 
the inventors recommend the use of 

The illustrations in Patent Probe are reproductions of 
diagrams in the original patent documents. 




Figure 1. An unmanned vehicle with positioning control. 
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visible light to simplify system testing 
and maintenance. 

The navigation system is based on 
the geometry of the direction of the 
observed beacons. As such, it does not 
depend on knowing the speed of light 
or the time taken for light to travel 
from the beacon as radar requires. 

Each detector has a photosensitive 
element and the ability to rotate the 
element so it can receive light from 
each direction in turn. The element is 
mounted behind a vertical slit aper- 
ture to restrict the angle of view of 
the element. The means to rotate the 
element includes an angle encoder, 
which produces a binary output in 
Gray code. The output of the photo- 
sensitive element and the angle en- 
coder are interpreted by an on-board 
computer. 

Two on-board detectors are suffi- 
cient to determine the vehicle loca- 
tion under most vehicle orientations. 
Limiting the number of detectors to 
two reduces the number of com- 
ponents required and simplifies the 
required data processing. 

If the vehicle becomes positioned 
so that the detectors and one beacon 
are all in a line, position calculation is 
imprecise. One solution proposed in 
the patent is to have the computer 
issue instructions to turn the vehicle 
sufficiently to again establish a 
triangular position with respect to the 
beacon. A proposed alternative is to 
have three detectors rather than two. 
If the two in use become collinear 
with a beacon, the third is used with 
one of the other two to resolve the 
position. 

The known position of the beacons 
and the position of the detectors on 
the vehicle are enough to calculate 
the vehicle's orientation and position 
in the work area. The distance be- 
tween the detectors and the beacons 
is easily calculated by using the Law 
of Sines. Strictly speaking, simple 
geometric calculations are only cor- 
rect when the vehicle is stationary. 
Since the photosensitive elements are 
swept in a circle, the light from any 
one beacon is not detected by both 
detectors simultaneously. If the vehi- 
cle is moving, its motion can be 
resolved into two components—one 
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Figure 2. A block diagram of the computer control system. 
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Figure 4. The geometric arrangements used to compute the vehicle's position. 
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parallel and one perpendicular to the 
direction of the light received from 
the beacon. These velocities can be 
used to calculate a correction value, 
which may be applied to the calcula- 
tion of beacon distance. 

For low speeds, this correction 
value is not important. As the speed 
of the vehicle approaches the speed 
of rotation of the detectors, the cor- 
rection value becomes important. 

The construction of the robot vehi- 
cle preferred by the inventors has 
four wheels steered by the two front 
wheels. For close maneuvering, such 
as the narrow aisles between ware- 
house racks, limited steering of the 
two rear wheels is provided. 

In applications in which more than 
one vehicle is operated, each vehicle 
is fitted with collision avoidance sen- 
sors. These might include sonar, 
radar, or tactile devices and aid in 
preventing collision with other 
vehicles or with stationary objects. 
When a potential collision hazard is 
detected, the vehicle either halts or 
calculates an alternative, collision- 
free route. 

As shown in figure 1, the front 
wheels (3) are fitted with the main 
steering controls, while the rear 
wheels (4) also can be steered. In ad- 
dition to the on-board computer, a 
radio link with a supervisory com- 
puter not on the vehicle is provided. 


Panels (7 and 8) on the front and sides 
of the robot contain proximity sensors 
—either tactile, sonar, or radar. A 
load-carrying platform (9) may be 
raised and projected sideways. The 
navigation detectors (12) are 
mounted on masts (13) to provide a 
clear view of the beacons. 

Figure 2 shows a block diagram of 
the computer control system. A 
remote supervisor computer trans- 
mits instructions to the robot vehicle 
via a radio link. The task instructions 
typically specify a location from 
which a load is to be picked up and a 
desired destination for the load. 
These instructions provide one set of 
inputs for the on-board computer and 
are stored in the computer's memory. 
A map of the work area is also stored 
in memory. 

Additional inputs come from the 
navigational detectors, coarse and 
fine proximity detectors, and load 
weight sensors. The computer uses 
these inputs to calculate a collision- 
free path to the load it is to pick up. 
On arrival at the load's location, 
pickup is accomplished by the load 
position controls operated by the on- 
board computer. 

A collision-free path is calculated to 
the load's destination. On arrival at 
the desired location, the vehicle stops 
and sets down the load. Once the task 
is completed, a signal is sent to the 


supervisor computer via the radio 
link. 

The photodetector used in the 
navigation system is shown in block 
diagram in figure 3. A collimated 
photodetector (29) is coupled to a 
stepping motor (31) and a Gray code 
angle encoder (32). The rotation of 
each detector is synchronized by 
comparing the output from a Gray 
code counter with the output from 
respective Gray code angle encoders. 
Any difference is detected and 
eliminated by causing the stepping 
motor of the detector to speed up or 
slow down. 

Figure 4 shows the geometry used 
to compute the vehicle's position. T 
and U are two beacons located at 
known positions a distance, M, apart. 
The location of the robot is calculated 
by applying the Law of Sines to 
triangles RST, RSU, UTS, and URS. 

The relative bearing angle, gamma, 
is calculated by angle comparison or 
by applying Freudenstein's equation 
for a four-bar linkage as described in 
Transactions of the American Society 
of Mechanical Engineers, August, 
1955, pages 853-861. 

A copy of Patent 4,328,545 is 
available from the U.S. Patent and 
Trademark Office for $1.00. Orders 
should be sent with payment to: 
Commissioner of Patents and Trade- 
marks, Washington, D.C., 20231. □ 


MARVIN AVAILABLE NOW! ! 

‘MARVIN’ was designed with the serious Robotics hobbyist/experimentor in mind. 
The sky is virtually the limit when you build your own personal robot using ‘MARVIN’ as 
your mainframe. As you can see in the picture, ‘MARVIN’ is no toy in which you must fight 
for every cubic inch of space, he comes equipped with a S-100 cardcage/motherboard a 
full 12 slots wide. Only one of the slots is occupied with a full featured pulse width 
modulated intelligent motor control board that accepts ASCII codes as motor comman- 
ds, leaving 1 1 slots of I EE-696 S-100 bus free to do with as you wish (how about a M68000 
processor board in a robot). You can install a serious computer in ‘MARVI N’. 

We will have available soon an infra red data link to enable communication between 
‘MARVIN’ and a terminal (or printer) with NO cables. ‘MARVIN’S’ power supply consists 
of a 12v deep cycle battery (which you obtain locally for about *65) with an onboard bat- 
tery charger and dc/dc converter to the S-100, so that in effect ‘MARVI N’ is actually a non- 
interruptable power supply mainframe in a robot body. 

OPTIONS: 

2-plane head motion Pivoting shoulder Pivoting wrist 

Forward flexing waist Flexing elbow Gripper 

Votrex speech synthesis Flexing wrist Ultrasonic ranging 


Terms: Money order, 

Cashiers check, Bank 
draft, Personal check* 
allow 2 weeks additional. 
CODs include 30% down 
with order. 


/owaPrecisionMachine.Ltd. 

128 Robotics Drive, Milford, lowa51351 
Phone: 712/338-2047 8 a.m.-5 p.m. Monday-Friday 



CIRCLE 13 


ROBOTICS AGE Mar/ Apr 1983 33 


LAMBERTON ROBOTS 


Nanci Hoffman 
The Bohle Company 
1901 Avenue of the Stars 
Los Angeles, California 90067 


The world's largest, fully repro- 
grammable, multi-axis precision in- 
dustrial robot, recently installed at the 
Cameron Iron Works in Livingston, 
Scotland, is already demonstrating 
productivity gains, materials- 
handling improvements, and signifi- 
cant materials savings. 

Designed and manufactured by 
Lamberton Robotics Ltd., the robot is 
the first of a new range of heavy-duty 
robots designed to survive in the 
most hostile industrial environments. 
Lamberton' s "Scobott" line handles 
weights up to 2800 pounds at furnace 
temperatures and in dust, fumes, and 
potentially inflammable vapors. The 
robots operate at high speeds to ac- 
curacies of plus or minus two 
thousandths of an inch. 

The Scobott line carries price tags 
ranging between $130,000 and 
$260,000. It is targeted for heavy 
engineering, process industries, the 
nuclear power industry, and medium- 
heavy mechanical engineering. 

The model in place at Cameron 
Iron Works is "Scobott 700" (see 
photo 1). Fifteen feet high, with a lif- 
ting capacity of 1550 pounds and a 
reach of 11.5 feet, the robot is mid- 
range in Lamberton' s new line. 
When fully installed at Cameron, 
Scobott 700' s primary application 
will be to place batches of reheated 
forging blanks weighing between 110 
and 1550 pounds into position within 
the plant's forging presses. 

The articulated arm robot has a 
guaranteed accuracy of plus or minus 
30 thousandths of an inch. It has a 
maximum work piece velocity of 350 



Photo 1. Scobott 700, first in a new line of heavy-duty robots from Lamberton Robotics, has a 
handling capacity of 1500 pounds. Other robots in the Scobott line can handle approximately 
2600 pounds. 
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feet per minute. In trials at Cameron 
the robot achieved consistent plac- 
ings of between 2 thousandths and 5 
thousandths of an inch within a cycle 
time of around 50 seconds. 

Livingston's 30,000 ton press, 
photo 2, is the world's largest multi- 
run press. Two 6000 ton side rams 
complement the main forging ver- 
tical presses. The operation is served 
by both box and rotary preheat fur- 
naces adjacent to the press shop. 


Cameron's products range from pipe 
extrusion, used mainly for nuclear 
engineering, to aerospace com- 
ponents, to pipeline ball valves. 

Two years ago, Cameron Iron iden- 
tified, a need for a heavy-duty robot 
capable of operating in the harsh en- 
vironment of their forge. It had to 
cope with the new generation of 
powder technology materials 
specified in aerospace engineering. 

The use of new, high-heat-resistant 


alloys using powder technology in 
key components in jet engines 
resulted in a need for new forging 
techniques. Forging temperature of 
the blanks is critical and requires 
heated dies and accurate placement 
to prevent distortion during forging. 

This new operation is impossible 
without automatic loading, since 
manual placement cannot produce 
better than one-inch accuracy. 
Manual methods consist of a five- 



Photo 2. Cameron Iron Works' 30,000 ton press is one of the largest in the world. 
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person team, protected by silver 
coated 1300-degree Celsius heat- 
resistant suits, employing crow bars 
to lift "blanks" into the forge. Even 
with this procedure, the placement is 
accurate only to one fourth of an inch. 
The time involved could mean that 
the blank temperature falls below the 
critical temperature window. 

While Cameron faced the dilemma 
of automating, Lamberton Robotics 
initiated the design for its Scobott line 
of heavy-duty precision robots. 

Lamberton Robotics of Coatbridge, 
Scotland is a specialist offshoot of a 
100-year-old parent company, 
Lamberton & Co. Lamberton Robotics 
was set up to develop the new robot 
as an extension to its existing range of 
telechiric manual and programmable 
manipulators. 

Cameron and Lamberton worked 
together in developing the Scobott 
700 robot, which Lamberton believes 
has wide-scale applications in heavy 
engineering, process industries, 
nuclear research, and mechanical 
handling systems, where extended 


reach with accuracy is essential in 
hostile environments. 

Trials within the Cameron plant 
show that the robot performs well 
within the tolerance specifications. 
"From what we have found so far, its 
capabilities were underrated," 
Cameron's project manager, Grant 
Webster, claims. "It is capable of 
handling considerably more weight 
than its rated capacity and it is ex- 
tremely sensitive." 

Even more importantly, the trials 
show that the robot lived up to the 
productivity gains forecast for the 
automated procedure. "For all the 
smaller forgings, the robot will cut 
the manpower needed in the forge 
loading area. Instead of a five-man 
crew, there will be a robot operator 
and probably two more on the hand- 
ling system from furnace to robot," 
Webster says. 

"The productivity gains will come 
more from the cycle time possible 
with the robot— typically 50 to 60 
seconds for turbine discs— and from 
savings on material. 


"With some of the more expensive 
alloys, we can have $1 million worth 
of material in the furnace at one time. 
At present we have to put more 
material on the blank to cover the 
positioning problem. With accurate 
positioning— as supplied by Scobott— 
we could save 25 pounds on a 600 
pound blank at the very least. That 
represents a great deal of saving. 

"Taken against the cost, the savings 
will give us a very short payback 
time, and we have the advantage of 
being able to take on new work which 
cannot be done any other way." 

Lamberton also solved an addi- 
tional problem. "While we had iden- 
tified a definite need for automation 
on one particular process, we are 
basically a jobbing shop," Cameron's 
general manager, Walter Campbell, 
explains. "The problem for us was to 
justify a full robot for a range of prod- 
ucts of various sizes and weights. 

"There was also the additional 
problem of the layout of the forge 
with its two presses side by side 
which could not be fed from a fixed 



unidisc 

A new low cost, 

OPTICAL 

ENCODER 


from A PRIORI 


This modular disc encoder pairs up with through beam interruptor 
module IM-1 and generates a two channel, phase quadrature TTL 
output signal. The 50 hole UNIDISC uses a compression cone fitting 
to mount wobble-free on a shaft. Specify size of .187”, .250”, .375” or 
.500”. Present the IM-1 signal to processing board OSPB and get as 
outputs a direction and rate signal. In addition OSPB electronically 
multiplies basic UNIDISC resolution by 1, 2, or 4 times yielding up to 
200 count pulses/tum. See previous Robotics Age (Sept. /Oct., 
Nov./Dec.) foi our reflective encoders/electronics or ask for our 
brochure for more complete descriptions. 


UNIDISC-(shaft size) 

2.00” x .080” encoder disc with 50 
hole pattern. 

$18.95 


IM-1 

IR through-beam sensor board. 
Outputs are TTL and in phase 
quadrature. 

$24.95 


OSPB-1X, -2X or -4X 

Takes signal from IM-1 and outputs a rate and direction signal. Add suffix - 
DC (dual clock) and outputs will be separate up and down pulses. Be sure to 
specify multiplier value. 

$24.95 


Terms: Check, Money Order or Purchase Order. Add $3.00 shipping and handling. Washington 
residents add 6.8% sales tax. 

from A PRIORI . . . Manufactured by Sailing Machine and Tool, Inc. 
1819 South Central-37, Kent, WA 98032 (206) 859-1050 



FROM 2-PHASE TO 5-PHASE 

DC STEPPING 
MOTORS 


DC stepping motors designed and manufactured by 
"ORIENTAL MOTOR” have been used in various fields 
to control speed, position and synchronism. 

• 2-Phase Hybrid Type 
1.870.9°. . . Mounting Size: 2.3”sq/3.4”sq 
1.873.6°. . . Mounting Size: 1.7”sq 

© ORIENTAL MOTOR 

Tokyo, Japan 

SINCE 1885 

ORIENTAL MOTOR U.S.A. CORP. 

LOS ANGELES OFFICE: 213-515-2264 NEW YORK OFFICE 201-882-0480 
CHICAGO OFFICE 312-577-0310 SAN JOSE OFFICE 408-988-2655 

ORIENTAL MOTOR NEW ENGLAND CORP. 617-568-8514 

Visit us at Design Engineering Show ’83— Booth #790. 
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robot. It meant we had to specify a 
demountable system which could be 
moved quickly." To solve this dilem- 
ma, Lamberton devised a system 
which could be moved from one 
forge to the other within 20 minutes. 

Lamberton Robotics' response to 
this problem, as well as to the whole 
development of the Scobott line, is 
what might be expected of a com- 
pany known as an innovator in heavy 
engineering equipment since the 
1880s. The company has earned a 
string of firsts in engineering, ranging 
from steam engine development to 
computer-controlled strip steel line 
chopping. In the late 1970s, they 
developed a range of manual and pro- 
grammable guidance manipulators. 

The next step was to move into ful- 
ly programmable robots, which led to 
the establishment of Lamberton 
Robotics, designed to bring together 
expertise in heavy engineering, 
hydraulics, electronics control sys- 
tems, and computer aided manufac- 
turing techniques. 

Each model is powered by servo- 


controlled hydraulic motors in three 
or four axes, with further degrees of 
wrist freedom available. Micro- 
processor control is based on an Intel 
8080 system designed for use by non- 
specialists. The system is easy to pro- 
gram because of its simple drive-and- 
teach method. 


All models are based on two 
modules— a compact base unit about 
39 inches square, surmounted by a 
solidly encased vertical column 
mounted on a slewing ring, to give 
360-degree movement if required. 
Straight or articulated arms, capable 
of up or down movement, can be 
mounted on the vertical column. 

The straight arm version is 
preferable where very high speeds— 
up to 980 feet per minute— are 
needed into and out of the working 
area. Alternatively, the articulated 
arm version provides a long reach 
and a large working volume, with the 
joint close to the working area 
especially well sealed. The ar- 
ticulated arm can move in straight 
lines under computer control, but the 
operating speed is limited to 350 feet 
per minute. 

With robots of this size, it is im- 
practicable to supply a generalized 
wrist motion, but at least six degrees 
of wrist freedom can be programmed 
once the dedicated end effector has 
been specified. Any attempt to pro- 
vide universally applicable tooling 
would result in overly complicated 
attachments for the majority of prac- 
tical applications. 

Standard software has been 
specifically modified to take into ac- 
count the requirements peculiar to 
the control of very large robots. 
Straight line interpolation, accelera- 
tion and velocity control, and a high 


HDBBV RDBOtF 

PUT YOUR COMPUTER TO WORK 



Robot 1-2 axis arm with magnetic lifter and optional pen holder 
for plotting and drawing. Interfaces to Timex, VIC-20 and 
other computers. A good introduction to articulated arm 
robots. Usable for game playing and multi-color plotting. 

ROBOT 1-2 AXIS ARM KIT. $125.00 

VISION I VISION SYSTEM KIT. $1 00.00 

ROBOT IV-4 AXIS ARM KIT. $250.00 


SPECTRON INSTRUMENT 

800 W. 9th. Avenue, Denver, Co. 80204 
Telephone (303) 623-8987 
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degree of self-monitoring are all built 
into the system. Using a plug-in 
"teach box," the robot is taught an 
operation by being led through its 
various positions. Critical points in 
the sequence are recorded in the 
computer memory by means of a 
memo button to establish the outline 
program. Microprocessor and elec- 
tronic hardware is usually located in 
a free-standing unit, but in Cameron's 
case, it is incorporated in the base 
unit, primarily because the robot is 
demountable. 

By means of a keyboard, points 
from the outline program are precise- 
ly defined with respect to speed, ac- 
celeration, (this capability is unusual 
in robot programming where ac- 
celeration is usually a fixed value), 
form of movement (polar, Cartesian, 
high or low accuracy positioning), 
type of grip, and time delays. The 
control system includes a number of 
additional features: 

• Ten programmable registers. 
These can be related to the pro- 
gram or an external input. In a 
flexible manufacturing system, 
for example, decisions might 
have to be made about which 
machine tool to serve next in rela- 
tion to what has already been 
produced. 

• Twenty programmable inputs, 
outputs, and interlocks. In a 
machining center, the robot will 
control surrounding equipment 
and may communicate with 
other robots. 

• Additional flexibility. It is possi- 
ble to skip to another part of the 
program if necessitated by exter- 
nal factors. In a flexible manufac- 
turing system, it is possible to 
control the program or programs 
stored in the main memory from 
a mainframe computer. 

The programming procedure from 
outline to details employs a very sim- 
ple, limited, and specific series of 
commands. It enables rapid program- 
ming and insures precise repetition 
of significant points in the se- 
quence— a major advantage in com- 
plicated movement patterns. In prac- 
tice, speed, acceleration, and type of 
movement tend to be changed fre- 


quently throughout a sequence as ex- 
perience is gained and patterns are 
refined to optimum efficiency. 

In the case of the Cameron robot, 
the main memory stores 10 programs 
of up to 500 movements each, with 
an additional 100 programs available 
through an auxiliary floppy disk or 
tape system. 

"A full robot was a logical exten- 
sion to our experience with manipu- 
lators for heavy industry," Bill 
Goldie, Lamberton's managing direc- 
tor, says. "The more we looked at it, 
the more we became convinced that 
there was a gap in the market for a 
really rugged machine which could 
stand up to dust, fumes or heat. 

"Until now, robots have been used 
in clean environments and, in 
general, have been employed in high 
volume manufacturing areas. At- 
tempts to scale up have not been very 
successful. 

"We started from the opposite end. 
We had experience in the heaviest 
and the worst environments and we 
have now proved that our machines 
can fill this gap in the market." 

Goldie originally estimated sales of 
about 20 robots a year. Since the 
robots were launched, however, 
Lamberton has heard from a wide 
range of industries outside the heavy 
steel handling and machining areas 
initially expected. Inquiries have 
come from shipbuilding, oil and 
chemical processing, and even brew- 
ing and packing. 

"The brewing application really 
surprised us," Goldie says. "They 
have the problem of handling and 
stacking very heavy beer barrels on 
pallets. They want us to solve the 
problem of identifying the corner of 
the pallet for development of a 
loading pattern. It's an application 
with a huge potential market. 

"All told I am very happy to say 
that before we have started seriously 
marketing the system worldwide, we 
are having to rethink the sales poten- 
tial. 

"The key factor is our machine's 
ability to survive in real industrial en- 
vironments. There is just no other 
machine in the market we are aiming 
at." □ 


%AcWC SC-01 A 

SPEECH SYNTHESIZER 






$50 Each 
7$ 40 in 
hundreds) 


Order in Ones or Thousands 


The SC-01 A Speech Syn- 
thesizer is a completely 
self-contained solid state 
device. This single chip 
phonetically synthesizes 
continuous speech of 
unlimited vocabulary. 
Computer interfaces and 
text-to-speech algorithms 
also available for product 
development. 

Micromint is the largest U.S. 
distributor of the SC-01 A. 
Call us for a price quote. 

Votrax is a trademark ol Federal Screw Works 

Call Toll Free: 1-800-645-3479 

(In N.Y. State Call: 1-51 6-374-6793) 

For Information Call: 1-516-374-6793 

Add $2.00 for shipping & handling. 


MICROMINT INC. 

561 Willow Avenue 
Cedarhurst, NY 11516 


Call for 

quantity pricing. 



THE NATIONAL 
SYMPOSIUM 
ON ROBOTICS 

OCTOBER 23-25, 1983 

Twin Bridges 
Marriott Hotel 
Arlington, Virginia 

Theme - “Meeting the Foreign 
Challenge to U.S. Industrial 
Leadership with Robots” 

Expert speakers and 
discussion on all phases of 
Robotics Technology 

For Information contact: 

Meeting Coordinator 
Advanced Technology 
Conferences, Inc. 

5017 56th Place 
Hyattsville, Maryland 20781 
Tel: 301-864-1663 
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General Electric Introduces Fast New 
Process Robot; Compact, Flexible 
Controller Has Video Screen 


Affordable Gray-Scale 
Vision System 


G eneral Electric's P50 robot ma- 
nipulator arm is particularly 
adept at arc welding and features a 
compact controller with a video 
screen to assist the operator. 

The P50 manipulator arm can travel 
39.4 inches a second to help reduce 
cycle time. It has large servo drives to 
provide more power and smoother 
operation at extended reach. 

The P50 controller features a 9 inch 
video screen that displays operator 
prompts and has the ability to com- 
bine individual programs into a 
larger, more complex system of ac- 
tions. The robot's bubble memory 
system has a programming capacity 
of up to 2,000 teach points in up to 256 
programs. 

The P50 is designed for arc welding, 
deburring, polishing, grinding, seal- 
ing, and assembling applications. Its 


versatile, multi-joint arm makes it 
possible for one robot to perform 
multiple tasks within its work area. 
Its light weight, only 770 pounds, 
makes it easy to reposition. 

A remote teach box allows the 
operator to program the robot in 
Cartesian, cylindrical, or articulated 
coordinate systems. The robot also 
has self-diagnosis to detect operator 
error and sense robot malfunction, 
thereby increasing quality and safety. 
The five axis robot has a 22 pound 
payload capacity and a positioning 
repeatability of ±0.008 inch. 

For literature and application infor- 
mation, contact: Automation Systems 
Department, General Electric Com- 
pany, 1285 Boston Avenue, 33DE, 
Bridgeport, Connecticut 06602, (203) 
382-2876. 
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/ nternational Robomation/Intelli- 
gence (IRI) has introduced an af- 
fordable vision/image analysis system 
for robotics, which offers a 4-to-l 
price and performance breakthrough. 

The system features 256 gray levels, 
4 frame buffers, a hardware pre- 
processor, and a built-in, 1 million 
instructions-per-second host com- 
puter, all for $4,900 in quantity. A 
100-to-l speed-up is possible with the 
optional 3.25 million pixel-per second 
hardware coprocessor which pro- 
vides the capability for real-time pro- 
cessing at television frame rates. 

The IRI P256 Vision System con- 
sists of an image digitizer and pre- 
processor, a host computer, an op- 
tional hardware coprocessor, and the 
associated mechanical packaging and 
power. Off-line program development 
systems for assembler and higher- 
level languages are available. 

The IRI P256 Vision System evalua- 
tion units will be available during the 
first quarter of 1983. The basic unit 
price will be $9,800. Packaged in a 17 
inch by 17% inch by 7 inch housing 
and weighing 25 pounds, the IRI P256 
can be used on a desk top or rack 
mounted. 

For further information, contact: 
David R. Davidson, International 
Robomation/Intelligence, 2281 Las 
Palmas Drive, Carlsbad, California 
92008, (619) 438-4424. 
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Resolver (synchro) inputs may be 
specified from 2.5 to 130 volts rms L-L 
at operating frequencies from 50 to 
5000 Hz. Logic inputs and outputs are 
TTL/CMOS compatible. 

Compared to standard converter 
modules, a 160B 12-channel R/D con- 
verter system would reduce the re- 
quired circuit board area from over 98 
square inches to 24 square inches— a 
savings of over 75 percent. The same 
comparison would reduce the cost 
from $2700 to $865— a savings of 68 
percent in unit quantities. Delivery is 
stock to four weeks for small quan- 
tities. Unit pricing (four channels) is 
$495 (1-9). Contact: Rhod Zimmer- 
man, Control Sciences, Inc., 9601-1 
Owensmouth Avenue, Chatsworth, 
California 91311, (213) 709-5510. 
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Ultra Low-Cost R/D Targets Robotics 


T he 160B series of resolver-to- 
digital converters offers up to a 
4-to-l reduction in the cost of angle or 
distance encoding in robotic/machine 
tool applications. An expanded con- 
verter can cost less than $50 per axis 
(100 quantity). Designers may now 
project total monitoring costs at $100 
per axis, including a brushless 
resolver. Additional savings are of- 
fered since the circuit board area re- 
quired for conversion is reduced 
significantly, enabling many users to 
eliminate whole circuit boards in ex- 
isting designs. 

The basic unit in the 160B series is a 
complete, four-channel resolver (or 
synchro)-to-digital converter in a 
single, low-profile module. For larger 
system requirements, additional 4 or 
8 channel expansion modules may be 


added (up to 40 input channels). 
Devices offer 12-bit resolution, 8.5- 
minute accuracy, and less than 
100-microsecond conversion time. 


Robotics Positioning Mechanism 


William J. Valles, Boston Machine 
Works, 17 Willow Street, Lynn, 
Massachusetts 01903, (617) 593-0200 
or toll-free (800) 343-8317/Telex 
710-334-6906. 
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T1 oston Machine Works of Lynn, 
Massachusetts, has introduced a 
precision x/y positioning mechanism. 
The transport and power bridge 
amplifiers are designed for accurate, 
high-speed, incremental movement. 
Boston Machine's positioning system 
can be controlled easily via any com- 
puter I/O port. 

The system is ideal for a wide range 
of industrial applications, including 
pick and place, sorting, welding, 
assembly, and adhesive dispensing. 
Positioning accuracy is achieved by 
the use of precision drive mechanics 
combined with Hall-effect calibration 
switches. 

Boston Machine Works' positioning 
mechanism is available in a variety of 
different configurations. Variables in- 
clude: motor type (dc servo or step- 
per), feedback method (encoder, 
tachometer, potentiometer), lead- 
screw drive (standard ball-bushing 
leadscrew or precision ground lead- 
screw), range of movement ( 10 inches 
by 24 inches standard, with other con- 


figurations available), mounting con- 
figurations (standard, custom adapter 
plate, or specialized configurations to 
meet customer specifications). 

For more information, contact: 
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Low-Cost 

Synthesized Speech 

D ataVoice Corporation announces 
the Cheaptalk (CT) 200 circuit 
board, a new addition to the popular 
Cheaptalk line of synthesized speech 
products. 

The CT-200 is a completely self- 
contained speech synthesizer module 
that holds up to 3 seconds of speech or 
sounds. Total playback time may be 
partitioned into 1, 2, 4, or 8 equal in- 
tervals in order to hold multiple 
words, phrases, or sounds. Multiple 
boards may be cascaded to achieve 
longer continuous recordings. The 3 
inch by 3.25 inch board is simple to 
operate, requiring simple switches or 
TTL control logic. Signals are provided 
for interfacing with a microprocessor 
as well. A volume control and 1 watt 
audio amplifier are included on board 
but may be bypassed if an external 
amplifier is desired. 

Users may select phrases from a 
standard vocabulary or order custom- 
ized boards with messages specific to 
their applications. Custom encoding 
costs just $100 and takes only one 
week. The clear, high-quality human 
speech can be ordered in any male or 
female voice. Custom users can speci- 
fy the emotions, attitudes, or intona- 
tions to be conveyed in the voice (for 
example, friendly, stern, angry). 

Three TTL-compatible phrase 
select lines are addressed for 
multiple-phrase boards. A start line 
initiates speech in the normal mode, 
but a continuous line may be used to 
achieve a 50 percent duty cycle con- 
tinuous operation. A done line in- 
dicates the end of speech and may be 
used to initiate additional speech 
boards or delay timers. A factory 
calibrated clock is included on board. 
Operating power is + 5V at 200mA 
max for the logic. If the power 
amplifier is used, an additional + 12V 
at 800mA maximum is needed. Con- 
nections are made to an 18-pin trace 
connector with 0. 156 inch contacts. 


Tool Changing Robot 

A MOBOT System Epsilon Robot 
jTA performs automatic tool chang- 
ing on turret lathes. The tools are 
loaded into a cart in the tool room, 
and the cart is rolled to the lathe and 
plugged into the MOBOT. The 
MOBOT moves the cart in one direc- 
tion and moves the tool gripper in the 
cross direction to select tools. An ex- 
tended MOBOT is available for both 
tool changing and work piece chang- 
ing. Other models are available for 
mill and machining center tool chang- 
ing, with 100-tool capacity. 

For more information, contact 
MOBOT Corporation, 980 Buenos 
Avenue, San Diego, California 92110, 
(714) 275-4300. CIRCLE 35 
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The CT-200 is ideal for audio 
operator alarms, prototyping, motor 
control alarms, audio status for test 
instrumentation, vehicle operator in- 
struction, and many other OEM and 
retrofit applications since it is so easy 
to use. In small quantities, delivery is 


from stock. Larger quantities may 
take from four to six weeks. The price 
is $ 185 each (1-19 pieces) , $68 in OEM 
quantities. For information contact: 
Rick Arons, Data Voice Corporation, 2 
North LaSalle Street, Suite 1900, 
Chicago, Illinois 60602, (312) 327-8488. 
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Robot Speeds Printed 
Circuit Board Assembly 

new, high-precision, micropro- 
cessor-controlled robot has been 
introduced for use in printed circuit 
board manufacture. It is the first 
robot on the market capable of high- 
speed, automatic placement of non- 
standard parts, according to the 
manufacturer, Control Automation, 
Inc., of Princeton, New Jersey. 

The Sembler model CAR- 1000 is an 
all-electric, all-digital robot which 
utilizes Cartesian geometry and ad- 
vanced servo control to achieve op- 
timal precision at minimal cost. The 
Sembler is available with one, two, or 
three arms and provides precision to 
±0.001 inch. Each arm is capable of 
coordinated motion in x, y and z axes, 
plus wrist rotation (theta). The work 
envelope is 56 inches long, 20 inches 
deep, and 20 inches high. The robot 



wrist is capable of rotation up to ±180 
degrees. Load capacity is 10 pounds. 

A major application for the Sembler 
robot is printed circuit board assem- 


bly. The Sembler' s precision allows it 
to handle odd-form factor compo- 
nents, such as transformers, hybrid 
integrated circuits, and surface- 
mounted elements. Other applica- 
tions include material handling and 
assembly of computer peripherals 
(keyboards, floppy disks, and so on), 
electronic motors, and automotive 
subassemblies such as carburetors. 

The Sembler robot can be viewed as 
a computer peripheral and thus can 
be controlled from the outside by any 
computer in any language, merely by 
passing keywords in ASCII along RS- 
232-C serial lines. The standard 
system includes an external computer 
(SC- 1000) which the user programs in 
BASIC. 

For additional details, contact: Con- 
trol Automation, Inc., PO Box 2304, 
Princeton, New Jersey 08540, (609) 
799-6026. 
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FOUR-BAR LINKAGE ANALY- 
SIS 3-point motion generation com- 
puter program. Designs 4-bar linkages, 
rotates, plots path, traces, eliminates 
undesirable linkages, and automatically 
increments input and coupler links. Ap- 
ple II + 48K DOS 3.3. $48 includes pro- 
gram disk, filing disk and manual. $5 
manual only. Check or money order. NK 
Inc., PO Box 11407, Milwaukee, 
Wisconsin 53211. 

MULTICLIENT ROBOT SURVEY. 

Analysis of preferred robot vendors for 
each application, improvements need- 
ed, 100’s of larger users, forecasts, 
recommended robot specs and market- 
ing. Your industry— $95. 14 in- 
dustries— $995. FREE prospectus. 
Phone (201) 233-1258. Robertson & 


Associates, Inc., 34 Maple Street, Sum- 
mit, New Jersey 07901 . 

INSTRUCTOR WANTED: Develop 
and teach Staples Technical Institute 22 
months Robotics Technician program. 
Successful candidate will be qualified 
to teach national Robotics seminars. 
Excellent equipment and facilities. 
Work with a team that is committed to 
the “cutting edge” of technology and 
excellence in vocational education. 
Send resume to David Carroll, Assis- 
tant Director, Staples Technical In- 
stitute, Staples MN 56479, (218) 
894-2430. 

FOR SALE: Used Intellimac ADA 
workstation: Motorola 68000 CPU, 
256K RAM, 1 Megabyte Floppy, 10 


Megabyte Winchester, Q-Bus, Telesoft 
ADA compiler, PASCAL, 68000 Macro 
Assembler, Utilities, ROS operating 
system, includes Callan CRT with card 
cage, power supply and detachable 
keyboard. Price $14,999. Call (617) 
237-7743. 

FREE SYNAPSE BOOK CATA- 
LOG NOW AVAILABLE. Your 
single source for the most up-to-date 
and best books on: Automation, Robot- 
ics, Artificial Intelligence, Computer 
Technology, Cybernetics, Biomedical 
Engineering, and Instrumentation. Write 
or call today. Synapse Information 
Resources, Inc., Dept. 106, 912 Cherry 
Lane, Vestal, NY 13850. (607) 
748-7885. 
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Continued from page 16 

to put the robot into a nonoperational, low-power 
"sleep" mode, with a transition into an "awake” 
mode every few seconds. This conserves ‘power 
while the robot is not actively involved in some task. 

An obvious experimental extension of Hero as it is 
presently designed is to solve the feeding problem. 
Instead of organic calories, Hero requires joules of 
electrical energy. The problem, feeding, is the same. 
If Hero is not in the energy-conserving sleep mode, 
his batteries will last an hour or so before discharge. 
(When the batteries get low, Hero's present operat- 
ing system lets you know with a plaintive bleating of 
the words "low voltage" until the computer no 
longer operates.) At present, Hero requires human 
attention in order to obtain the necessities of ex- 
istence. In normal use, we operated Hero with his 
battery charger cable connected. This is like a person 
in a hospital receiving intravenous nourishment 
through a direct connection to a supply of predi- 
gested chemicals . . . not exactly conducive to un- 
constrained mobility. 


Who will be the first reader to implement a true 
feeding strategy for Hero? This project is a combina- 
tion of software and hardware development. The 
software of programs to implement a food seeking 
strategy is not necessarily trivial. The hardware of 
feeding stations, power transfer connections, and 
food sensors are other challenging parts of the task. 

This, of course, leads into yet another area of 
engineering improvement which Hero can inspire. 
Hero at present is primarily an open-loop system 
with zero feedback from the environment. Sure, the 
system incorporates sensors, but the use of sensor in- 
formation in the robot as delivered is minimal. Use 
and application of the sonar, the motion detector, the 
light sensor, and the microphone are all pretty much 
left up to the imagination of Hero's owners. 

The inadequacies of open-loop, sensor less opera- 
tion are made most obvious by a few experiments 
with Hero's ability to record a motion program. We 
start with Hero at a point, X, in our office. We pro- 
ceed to move Hero to point Y in the "learn mode," 
possibly doing a couple of random direction changes 


BAR COOE FOR YOUR 
SMALL COMPUTER. 



New in-depth report tells 
you how-at savings 
of up to $40,000 


"Contemporary Applications of Optical 
Bar Code Technology" is a new, compre- 
hensive report from North American 
Technology that can save you thousands 
of dollars in research and development 


time when programming and equipping 
your small computer for bar code. 
Written by the originators of Byte 
Magazine's experiments with publication 
of software in printed form, Walter Banks 
and Carl Helmers, this report is the only 
complete presentation of materials on 
keyless data entiy using modern bar code 
technology. It will enable you to: 
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your Apple, or other suitable computer. 
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computer. 
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Here, in clear, concise, understandable 
language is all you need to know about 
bar code history, software engineering 
requirements, complete machine inde- 
pendent Pascal software in source lis- 
ting and machine-readable bar code 
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formats from Code 39 to HP-41C, and 
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lication format You get information you 
can use to program your small computer 
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Editorial 


along the way. Then, still in the learn mode, we move 
him back to starting point X. 

Fine. We now have a program in memory, a se- 
quence of commands to Hero's motors. But this se- 
quence has only a very loose coupling to the reality of 
the room in which it was performed. An error of a 
few degrees in placement of the robot body at the 
start of the path can translate into an error of several 
tens of degrees, as well as several tens of feet in loca- 
tion after running a course of any complexity. Suffi- 
cient complexity is provided by a course involving 
several tens of feet in linear distance and a small in- 
teger number of turns through an absolute total angle 
of several hundred degrees. 

The reasons are simply explained: the boundary 
conditions of Hero's initialization in a trajectory are 
not exactly controllable. This is compounded by ran- 
dom errors in traction between the drive wheel and 
the floor. Traction errors are inherent in any use of a 
carpeted floor, or in use of uncarpeted floors with ap- 
parently minor variations in height. 

The solution to this kind of navigational perfor- 
mance is a way to sense absolute position within the 
geometry of Hero's world. Hero needs what might be 
called "area navigation” to borrow an aerospace 
term. An area navigation system is a method of 
creating an absolute reference for position which can 
be sensed by the robot's on-board computer. This can 
be obtained in a number of ways. Using Hero's light 
sensor, absolute position could be determined 
reliably (if slowly) by using several beacon lights 
spread about the room. Similarly, if the room has 
well-defined walls and objects, the sonar built into 
Hero could be used to build a map of known space. 
The important point, though, is that the truly 
maneuverable mobile robot is one which actively 
senses its environment. A reliably repeatable pattern 
of motion is impossible without such an absolute 
reference method. 

Where do we go from here? Hero represents just a 
first step in the lives of heroes. The idea of domestic 
pet-like mobile robots is by no means exhausted by a 
first product. There will be new and improved 
heroes designed by Heathkit and other companies. 
In 1975, when the first personal computer attempts 
were being marketed, these computers for all intents 
and purposes could not carry out any practical tasks. 
The Altairs and Sols of 1975-1976 just cannot com- 
pare with the personal computers so widely accepted 
today. Those computers had limited memory, no 


mass storage, and the same practicality. 

Neither can today's Hero provide any immediate 
benefits that the skeptic could measure. The indirect 
benefits of learning, exploring, and testing ideas are 
more than enough to justify this robot's existence. 
Today, with a mature personal computer industry, 
skeptics will almost believe "blue sky" talk of the 
possibilities and benefits of personal computers. Per- 
sonal computers are a business with in excess of 3 
billion dollars in sales. 

The Heath Hero-I is a necessary first step towards 
development of the personal robotics industries of 
the late 1980s and early 1990s. The experiments done 
by thousands of individuals with the Heroes of 1983 
are a necessary step in the development of that 
future industry. Tomorrow, thanks to the pioneering 
products such as Hero, the task of convincing the 
skeptics of the reality of personal robotics will be 
much easier. The ultimate market for the consumer 
robot is, and remains, every human being. The robot 
as a general-purpose servant of humanity may yet ar- 
rive after a few more technological generations. □ 
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MORE THAN JUSTANOTHHt PRETTY MCE. 


Says who? Says ANSI. 

Specifically, subcommittee X3B8 of the American 
National Standards Institute (ANSI) says so. The fact 
is all Elephant™ floppies meet or exceed the specs 
required to meet or exceed all their standards. 

But just who is "subcommittee X3B8" to issue such 
pronouncements? 

They’re a group of people representing a large, 
well-balanced cross section of disciplines— from 
academia, government agencies, and the computer 
industry. People from places like IBM, Hewlett-Packard, 
3M, Lawrence Livermore Labs, The U.S. Department 
of Defense, Honeywell and The Association of Com- 
puter Programmers and Analysts. In short, it’s a bunch 
of high-caliber nitpickers whose mission, it seems, in 
order to make better disks for consumers, is also to 


make life miserable for everyone in the disk-making 
business. 

How? By gathering together periodically (often, 
one suspects, under the full moon) to concoct more 
and more rules to increase the quality of flexible 
disks. Their most recent rule book runs over 20 single- 
spaced pages— listing, and insisting upon— hundreds 
upon hundreds of standards a disk must meet in 
order to be blessed by ANSI. (And thereby be taken 
seriously by people who take disks seriously.) 

In fact, if you’d like a copy of this formidable docu- 
ment, for free, just let us know and well send you 
one. Because once you know what it takes to make 
an Elephant for ANSI . . . 

We think you’ll want us to make some Elephants 
for you. 


ELEPHANT. HEAVY DUTY DISXS. 

For a free poster-size portrait of our powerful pachyderm, please write us. 

Distributed Exclusively by Leading Edge Products, Inc., 225 Turnpike Street, Canton, Massachusetts 02021 
Call: toll-free 1-800-343-6833; or in Massachusetts call collect (617) 828-8150. Telex 951-624. 
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